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ABSTRACT 

c 

m e  resu l t s  of a l i t e r a tu re  survey that was made of radio- 

chemical cross sections below 425 MeV are  given i n  tabular form. 

The cross-section data are  tabulated fo r  reactions involving 

incident protons, neutrons, and x mesons i n  the  energy range 

f’rom about 20 t o  400 MeV interacting with nuclei  ranging from 

li thium t o  the heaviest weight elements. 
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The r e su l t s  of a l i t e r a tu re  search for  the  experimental 

react ion cross sections usually measured by radimhemical tech- 

niques a re  presented i n  t h i s  report .  

l a ted  for  reactions involving incident protons, neutrons, and 

TC mesons i n  the  energy range from about 20 t o  400 MeV i n t e r -  

acting with nuclei ranging from lithium t o  the  heaviest weight 

elements. 

Cross sections are tabu- 

The e a r l i e s t  data included here a r e  those tabulated in  a 

comprehensive survey made by B r u n i n x  8,293c fo r  reactions below 
zbout 400 MeV, and the l a t e s t  data include those published be- 

fore Ju ly  1965 i n  the  Physical Review or i n  a r t i c l e s  abstracted 

i n  the May 1965 issue of Science Abstracts, Physics. 

The experimental data were taken from tab les  and graphs i n  

the  references cited, with no attempt being =de t o  evaluate 

the experiments. 

and may r e f l ec t  s t a t i s t i c a l  e r rors  or systematic e r rors  or 
both. 

d i f fe ren t  references: 

publication which c i ted  the or ig ina l  material. 

attempt t o  eliminate t h i s  overlap. 

The errors l i s t e d  are t he  published errors,  

I n  a few cases the  same data a re  tabulated under two 

the  or ig ina l  publication and another 

We made no 

The bulk of the  data tha t  a r e  tabulated per ta in  t o  re- 
actions involving incident protons; the remaining few cases 

consist of neutron data and pion data. 

cident pa r t i c l e  the  data are l i s t e d  according t o  increasing 

t a rge t  mass number, and for each ta rge t  the data are tabulated 

according t o  decreasing a t d c  number of the  res idua l  nucleus, 

decreasing mass number of the residual  nucleus, and increasing 

incident-particle energy. 

For each type of in-  

Target and residual  nuclei are  l i s t e d  with the  element 
symbol followed by the mass and atomic numbers i n  parentheses. 

* 
See l i s t  of references preceding tab les .  



6 

Omission of the  mss nunriber i n  the  t a rge t  nucleus r e f l e c t s  a 

similar omission i n  the  published data, and we assumed tha, t 
element used i n  the  experiment was i n  I t s  naturally occurring 

state. I n  t he  combinations of isotopes i n  the  residual  nucleus 

fo r  which the mass number was a l so  omitted, the  combinations 
81+82 . 83+84y 116+117 34+38,, 43+44sc 

5gTe 9 17 ’ 21 ’ 3Fb’  39 ’ are as follows: 

l2O+12l1 lg1+19% 198+l?gu, and 
53 ’ 7 ’  

192+193+194~l. 

cate that the ac tua l  value of the  cross section i s  l e s s  than 

that number. The designation E-2 or  E-3 following a set of 

parentheses indicates that t h e  value within the  parentheses 

should be multiplied by 

Parentheses around a cross-section value indi-  81 

or  lom3. 

This l i t e r a tu re  search i s  a d i rec t  outgrowth of our at-  

tempts t o  evaluate the  accuracy of our cascade-evaporation 

i n  predicting radiochemical cross sections. A report  
55 on the evaluation i s  i n  progress. 

J 

.‘ 
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I N C .  TARGET RE s IOUAL ENERGY 
P A R T  NUCLEUS NUCLEUS ( M E V )  

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
IJ 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

155.0 
155.0 
155.0 
352.0 
155-0 
50.0 

100.0 
150.0 
155.0 
40.0 
53.0 
90. 0 

103.0 
153.0 
155.0 
155.0 
50-0 
100-0 
150.0 
155-0 
20.7 
21.1 
30- 1 
33.3 
37.7 
42-0 
4208 
440 2 
50.0 
50.5 
80.0 
90.0 
93.0 
98.1 
100.0 
100.0 
120.0 
144.0 
150.0 
150.0 
150.0 
155.0 
170.0 
194.0 
202.0 
204.0 
238-0 
240.0 
245 O 
252-0 
259 0 
260 o O 
26300 
270. 0 
288.0 

S I G M A  IMB) 
E X P f R  I M E N T  

3.5 + 0.2 
3.8 + 0.2 
8.8 + 0.5 
12.0 + 0.48 

065 + 001 
13.0 
11.5 
8.0 

7.5 + 0.5 

24.0 + 3.0  
31-0 + 2.0 

709 + 0.2 
9.0 + 2.0 
5.0 + 1.0 

055 + 0.1 
15.0 
8.0 

3.5 4- 0.2 

70 O 
14.0 + 1.0 
38.0 + 1.3 

89.1 + 3.0 

90.0 + 3.0 
89.4 + 3.0 
91.0 + 3 . 0  

3 2 . 9  + 1.1 

92.5 + 3.1 

8808 + 3.0 
80.0 + 5 .0  
86.4 + 2.6 

70.0 
66.0 

70.5 + 3.6 
63.3 + 0.3 

61.0 
62.0 
53.0 

56.5 + 1.5 
45.0 
43.0 

46.2 + 1.4 

3Y.7 + 0.9 
42.0 

52.0 + 1.5 
3803 

37.0 + 2.0 
35.8 + 2-4 
37.2 + 1.8 
4908 + 102 

36.3 

38.2 + 0.5 
50.5 + 2.6 

33.7 + 1.2 

36. 3 

35.9 + 1.0 

R E F  

1 
2 
1 
3 
1 
4 
4 
4 
1 
2 
5 
2 
5 
5 
1 
1 
4 
4 
4 
1 
6 
h 
6 
h 
6 
6 
6 
6 
4 
h 
7 
7 

9 
7 
4 
7 

7 
4 
8 
1 
8 
8 
10 
8 
8 
8 
8 

10 
10 
8 
8 
8 

1 1  

a 

a 



INC. 
PART 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

T A R G t J  
NUCLEUS 

RES I D U A L  
NUCLEUS 

10 

ENERGY 
( M E V )  

290.0 
293 . 0 

295.0 
2 9 5 - 0  

294.0 

302 0 
310.0 
313.0 

320.0 
313.0 

325.0 
339.0 
340.0 
342 - 0 
350.0 
350.0 
352 . 0 
362 . 0 
365.0 
383.0 

155.0 
365 . 0 
420.0 
220.0 

80.0 
90.0 

100.0 
120.0 
130.0 
150.0 
155.0 
208.0 
225.0 
2 9 7 - 0  
300. 0 
352.0 
396 . 0 
400 . 0 
340.0 

342 0 

420.0 

225.0 
3 0 0 - 0  
400 .  0 
155.0 
155.0 

25.0 
50.0 
100 . 0 
150.0 
155.0 
400.0 
420.0 

2 5 - 0  
50.0 

SIGMA (FIB)  
EXPEP I M E N T  

36.9 + 0.9 
47.7 + 1.0 

35.5 
37.9 + 0.4 
3 5 . 5  4. 1.0 

34.7 
31.9 + 2.4 
47.6 + 2.1 
34.8 + 1.0 
35.5 + 0.7 
35.9 + 0.8 
34.9 + 1-0  
41.2 + 0.6 

35.0 
32.5 

36.0 + 0.7 
36.0 + 0.7 

33.1 
32.4 + 1.0 
37.4 + 3.1 

31.6 + 1.01 
3 1 - 2  + 2.8 
2.6 + 0.3 

3.55 
3.30 

1.8 + 0.6 
17.5 
16.0 
15.0 
13.0 

10.5 
11.0 

6.8 + 1.05 
8.2 + 0.6 

8.50 + 1 - 3 0  
10.3 + 0.7 

8 . 3  
7 . 0 5  + 1,OR 
9.6 + 0 - 7  
0.70 + 0.20 

7.0 + 1.1 
7.0 + 0 . 8  
5.6 + 1.0 
1.9 + 0.2 

0.075 + 0.01 
40.0 
22.0 
12.0 
8.0 

8.3 + 0.5 
5.6 
11.0 
43.0 
18.5 

R-32 + 1-66 

R E F  

8 
R 

10 
R 
8 

10 
8 
8 

11 
8 
8 

11 
8 

10 
10 

8 
8 

10 
11 

8 
3 
8 
1 
8 
8 

12 
7 
7 
7 
7 

13 
7 
1 

1 3  
14 
13 
14 

3 
13 
14 

8 
1 4  
14 
1 4  

3 
1 
2 
4 
4 
4 
1 
R 
8 
4 
4 
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I NC, TARGET R E S  I DUAL ENERGY 
PART NUCLEUS NULL EUS ( M E V )  

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

100.0 
150.0 
155.0 

155. 0 

340.0 
420.0 
420 . 0 
420.0 

420.0 

130.0 

420.0 

155-0 

420.0 

420.0 

208 0 
297.0 
396.0 
25.0 
28.0 
45.0 
50.0 

100,o 
110.0 
145.0 
150.0 
155.0 
362 0 
155.0 
25-0 
25.0 
50-0 
52.0 

L O O -  0 
108.0 
150.0 
150.0 
155.0 
362 0 
35.0 

95.0 

155.0 

155.0 
52.0 
110-0 
150.0 
155.0 
155-0 

51-0 

150-0 

362 0 

156.0 
155.0 
156.0 
420-0 
155-0 

S I G M A  ( M S )  
FXPER IMENT 

17.2 
13.3 

15 + 1.0 

1.6 + 0.3 
2 2 - 6  

6.5 + 1.0 
0-55 + 0.16 

30.7 
14.0 + 3.5 

6.5 

8.4 
6 -  1 

7.85 + 1.96 
4.89 + 1.22 
6-54 + 1.63 
7.47 + 1-97 

25.0 
45.0 

67.0 + 5.0 
69.0 
59.0 

50.0 + 5.0 

31.0 + 7.75 

40-0 + 500 
42-0 

38-0 + 4.0 
20.2 + 2.02 
0.9 + 0.1 

19.0 
18.0 
3.5 
3.5 
5.0 
4.0 
5.0 
4.5 

4.5 + 1.0 
1.0 + 0.41 
2.5 + 0.8 
13-0 + 0-7 
15.2 + 0.7 
11.5 + 0.5 
11.0 + 1.0 

13-6 + 1,632 
1.0 + 0.2 
2.0 + 0.5 
5.0 + 1.2 
3.8 + 1.0 
4.5 + 1.0 
5.0 + 1.5 

14.0 
12.0 + 4.0 
9-8 + 1.4 

41.0 + 10.25 
4.0 + 2.0 

R E F  

4 
4 
1 
8 
1 
1 
8 
5 
8 
8 
8 
n 
8 
13 
13 
13 
13 
15 

2 
15 
4 
4 
15 
15 
4 
1 
3 
1 
4 

15 
4 
15 
4 
15 
4 

15 
z 
3 

15 
15 
15 
15 
1 
3 
1 

15 
15 
15 

1 
I h  
1 7  
16 
17 

9 
1 
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INC. TARGET R E S  I O U A t  ENERGY 
PART NUCLEUS NUCLE u s ( M F V I  

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

20.0 
21.0 
27.0 
27.0 
34.0 

43.0 
37.0 

45.0 
48.0 
50.0 
50.0 
60.0 
640 0 
70.0 
74.0 
79.5 
82.0 
89.0 
990 0 
100.0 
110.0 
113-0 
141.0 
144.0 
150.0 
154.0 
155.0 
176.0 
196.0 
225-0 
263 0 
280.0 
330.0 
362 0 
380.0 
400.0 
420.0 
420.0 
426.0 
155.0 

362 . 0 
155.0 
155.0 
362 . 0 
420.0 
155.0 
362 0 0 
420.0 
155.0 

1 5 5 - 0  

420.0 

420.0 

340.0 
155.0 

15.0 

S I G M A  ( M R )  
EXPERIMEIVT 

66.0 + 2 0 0 0  
105.0 + 25.0 
182.0 + 27.0 
200.0 + 28.0 
230.0 + 30.0 
146-0 + 16.0 
126-0 + 15.0 
124.0 + 15.0 

84.0 + 10.9 
88.0 

67.0 + 8.0 
55.0 + 7.0 
56.0 + 7.0 
64.0 + 8.0 
50.0 + 6.0 
46.0 + 1.5 

46.0 + 6.0 
43.0 

40.0 + 5.0 

30.3 + 1.0 
30.0 

28.0 + 3.0 
25.8 + 0.8 
24.7 + 0.8 

24.6 + 0.8 
28.0 

23.9 + 0.8 
14.2 + 1.562 

27.0 
26.0 

22.0 + 5.5 
22.9 

23.1 + 0.8 
6.5 + 1.0 

4.2 + 0.504 

90.0 + 10.0 

47.0 + 6.0 

38.5 + 1.3 

32.0 + 5.0 

2 7 . 0  + 4.0 

24.3 + 0.8 

10.5 + 2.0 

10.3 
( 0.05 1 

3.0 + 1.0 
1.1 + 0154 

{ 0.65 1 
5.5 + 1.0 
4.2 + -504 

9.7 
I 0.1 1 
4.8 

4.0 + 1.0 
0.20 + 0.06 
72.0 +15*0 

REF 

18 
18 
18 
18 
1'3 
18 
18 
13 
18 
18 
4 
18 
18 
18 
1 A  
18 
1Q 
18 
18 
4 
19 
18 
18 
19 
4 
18 
1 

19 
19 
19 
19 
8 
19 
3 
P 
8 
8 
5 
19 
1 
z 
3 
R 
1 
1 
3 
8 
1 
3 
R 
1 
8 
1 
8 

1 R  

L , 



13 

I NE. TARGET R E S I D U A L  ENERGY 
PART NUCLEUS NUCLEUS (MEW) 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

NA( 23, 11) NA( 22, 11 )  20.0 
NA( 23, 1 1 )  N A I  22, 11) 32-0 
NA (  23, 11) NAt 22, 1 1 )  45.0 
NA( 23, 11) NAf 221 11) 51.5 
NA( 23, 1 1 )  NAl 229 1 1 1  56.5 
NA( 23, 11) NAf 229 11) 66.5 
NA( 231 111 NA( 229 11) 77.0 

NA( 23, 11) NAd 229 1 1 )  88.0 
NAI 23, 11) NA( 227 11) 103.0 
NA( 23, 11) NA( 22, 111 110.0 
NA( 23, 11) NA( 22, 1 1 )  117.0 
NA( 239 1 1 1  NA( 22, 11) 134.0 

152.0 N A I  23, 11) NA( 22, 1 1 )  
NA( 23, 11) NAI 22, 1 1 )  155.0 

NA( 23, 1 1 )  N A I  22. 1 1 1  80.0 

MG( 9 12) NA I  2 4 1  1 1 )  130.0 
MG( p 12) NAf 24, 1 1 )  208.0 
MG( 9 12) NA1: 249 11) 297 0 
Y G (  12) NAI 249 11) 396 0 
MG( 9 121 NAI 221 11 )  130.0 
MG( 9 12) NAl 22, 11) 208.0 

MG( 1 12) NA( 229 11) 396.0 
MG( 9 12) BE(: 7, 4) 130.0 

MGt 9 12) N A (  22, 1 1 )  297.0 

MGt 9 12) BE( 71 4) 208.0 
Y G (  9 12) BEI 79 4) 297 0 
MG( 9 12) B E (  7, 4) 396.0 
MG( 24, 12) H I  3, 11 300.0 
MG( 25, 12) NA( 22, 11) 25.0 
MG( 25, 12) NA( 22, 1 1 )  50.0 
MG( 25, 12) N A (  227 1 1 )  100.0 
AL I  2 7 ,  131 MG( 27, 12) 130.0 
AL(: 279 13) MG( 27, 12) 200.0 
AL( 27, 13) MG( 27, 12) 240.0 
AL( 27, 131 MG( 27, 121 280.0 
AL( 27, 13) MG( 27, 12) 320.0 
AL( 27, 131 MG1 279 12) 380.0 
AL( 2 7 1  13) NA(: 24, 1 1 )  37.4 
AL( 27, 13) NA( 249 11) 44.1 
AL( 27, 13) N A (  24, 1 1 1  50.0 

AL( 27, 131 MA( 24, 11 )  50.b 
AL( 27, 13) NA( 249 11 )  60.0 
ALI 27, 13) NA( 24, 11 )  70.0 
AL( 27, 13) NA( 24, 11 )  80.0 
AL( 279 13) NA( 247 11) 80.0 
AL( 27, 13) NA( 249 11) 82.0 
AL( 27, 13) NA( 24, 1 1 )  90.0 
AL( 27, 13) NA( 249 11) 100. 0 
AL( 279 13) NA( 249 111 110.0 
A L (  27, 13) NAt 24, 11) 110.0 
A L I  27, 131 NA( 24, 11) 120.0 
Al( 279 13) N A (  24, 11) 120.0 
AL( 27, 13) NA( 2 4 r  11) 125.0 
A t {  27, 13) NA( 24, 1 1 )  134-0 

AL( 27, 13) NA( 249 1 1 )  50. 1 

SIGMA { M B )  
E X P E R I M E N T  

113.0 + 12.0 
115.0 + 12.0 
112.0 + 12.0 
94.0 + 10.0 

90.0 + 9.0 
90.0 + 9.0 
67.0 + 7.0 

64.0 + 7.0 

63.7 + 7.0 
44.0 + 5.0 
47.5 + 5.0 
47.0 + 5.0 
45.0 + 5.0 

80.0 + 8.0 

65.0 + 7.0 

28.2 + 4.2 
25.2 + 3.76 
29-0 + 4-30 
30.5 + 4.55 
2 8 - 3  + 4-20 
21.6 + 3.22 
23.8 + 3-55 
22.2 + 3-31 
2.66 + 0.66 
2.31 + 0.58 

3.25 + 0.88 
2-68 + 0.62 

19.0 + 6.0 
15.0 
38.5 
43.0 

0.096 + 0.004 
0,081 + ,040 
0.094 + ,003 
0,143 + 0.007 
0,155 + moo12 
0.164 +.016 

0.8 + 0.2 
2.8 + 0.2 

1.52 
6.1 + 0.2 
6.5 + 0.2 

5.4 
8.7 
10.3 
10.4 

11.7 + 0.4 
10.7 
10.8 

10.9 + 0.4 
10.6 
10.1 
10.2 
10.2 

10.9 + 0.4 

R E F  

18 
1 R  
18 
18 
18 
18 
18 
18 
18 
18 
1 8  
1 R  
18 
18 

7 
1 3  
13 
13 
1 3  
13 
13 
13 
13 
13 
13 
1 3  
13 
R 
4 
4 
4 

7 0  
2 0  
7 0  
70 
2 0  
2 0  
6 
h 
R 
4 
6 
8 
8 
7 
8 

19 
8 
7 
19 

R 
7 

21 
8 
19 



1 4  

I N C .  TARGET R E S I D U A L  
PART NUCL EUS NUCLEUS 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

ENERGY 
( M E V )  

135.0 

150.0 
150.0 

168.0 
175.0 
196.0 
200.0 
200.0 
202 . 0 
225.0 
225 . 0 
250.0 
259.0 
263.0 
275.0 
294.0 
300.0 
300 . 0 
330.0 

340.0 
342 . 0 
342.0 
350.0 
350.0 
400 . 0 
426.0 
155.0 
29.7 
37.4 
44.1 
50.1 
50.6 
80.0 

100,o 
150.0 
155.0 
335.0 
202 . 0 
259.0 
294-0 
335.0 
342.0 
342.0 
410. 0 

3 2 5 .  0 

335 9 0 

420.0 
420.0 
410.0 
420.0 
335.0 
410.0 
420.0 
335.0 
120.0 

SIGMA ( M 6 )  
EXPERIMENT 

9.7 
9.2 
9.6 

10*1 + 0.3 
8.9 

9.92 + 0.3 
9.1 
9.7 
9.6 
9.3 

10.1 + 0.3 
9.9 
9.75 

11.2 + 0.4 
10.4 
9.97 
11.0 
11.2 
11.3 

11.7 + 0.4 
11.3 
11.5 

10.10 

1 1  - 2  
11.1 + 0.2 

11.3 
11.9 + 0.4 

23.0 

10.1 + ,3838 

2.4 + 0.2 

46.8 + 1.2 

36.4 + 3 . 6  
24.0 
21.5 
18.0 

17.5 + 0.6 

34.2 + 0.9 

38.4 + 1.0 

13.6 

5.85 
6.19 
6.2 
6.46 

5-38 

6.8 + 0.68 
7.2 + - 7 2  
7.6 + 0.21 

8.4 
0.78 

1-07 + - 1 1  
2.1 
3.0 

2.25 + 0.11 
1.6 

16.0 + 5.0 

R E F  

8 
R 
7 
19 

R 
19 
3 2  
8 

10 
8 

10 
8 
10 
19 
8 
10 
21 

P, 

1s 
R 
8 
10 
3 
R 
3 

2 1  
19 
2 3  

h 
6 
h 
h 
6 
7 
7 
7 

23 
R 
10 
10 
10 

8 
10 
3 
8 

2 4  
8 
8 

74 
R 
A 

34 
8 
8 

a 

. 



I NC. TARGET 
P A R T  NUCL €US 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

RES IOUAL ENERGY 
NUCLEUS ( M E V )  

200.0 
300.0 
130.0 
208. o 
297.0 
396.0 
130.0 
208.0 
297.0 
396- 0 
130. 0 
208.0 
297. O 
396.0 
130.0 
210.0 
300.0 
400.0 
130.0 
210.0 
300, 0 
400.0 
130.0 
210.0 
300.0 
400-0 
130.0 
210.0 
300.0 
4000 O 
130.0 
210.0 
300-  0 
400.0 
130.0 
210.0 
300.0 
400.0 
130.0 
400.0 

400.0 
130.0 

192 0 
240.0 
288.0 
330.0 
378.0 
192.0 
237.0 
240.0 
288.0 

378.0 
330.0 

192.0 
2370 0 

S I G M A  ( M B )  REF 
E X P E R I M E N T  

18.0 + 6.0 8 
25.0 + 7.0 8 

3.378 + -560 13 
30662 + 00366 13 
4.740 + 0.474 13 
4.78 + 0.478 13 
10.41 + 1 - 0 4  13 
10.28 + 1.03 13 
13-09 + 1.3 13 
12-46 + 103 13 
1-07 + 0.27 13 
0076 + 0.19 13 
1069 + 0.34 13 
2-02 + 0.40 13 
10.7 + 2.8 25 
10.2 + 1.7 25 
20.8 + 4.6 25 
18.6 + 3.7 25 

2-05 + 0.46 25 
1.71 + 0.35 25 
2 - 1 5  + 0 . 3 5  25 
2.80 + 0.35 25 
4-33 + 0072 25 
6-70 + 1010 25 
4-35 + 0.80 25 
8.13 + 1-59 25 

0.189 + 0.022 25 
0.207 + 0.034 25 
0.328 + 0.065 25 

0.565 + 00141 25 
0.414 + 0.091 75 
0.603 + 0.070 25 
0.529 + 0.144 75 
(4.31 + 2o06)E-3  25 
(5048 + 0.82)F-3 25 
(9.05 + 0.01)E-3 25 
(4060 + 1.04IE-3 75 

0.590 25 
0,578 25 . 00471 25 
004 10 25 
45.4 8 

0,277 + 0,067 25 1 

46.8 a 
44.0 a 
48.1 R 
39.8 8 

0- 103 8 
0.149 8 
0.170 8 
0,200 8 
0.205 El 
0,205 8 
60 7 8 
5.0 s 



16 
* T  

L 

I N C .  
PART 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

T A R G E T  RES IUUAL 
NUCLEUS N U C L E U S  

C L (  9 1 7 )  
C L (  r 1 7 )  
C L (  r 1 7 )  
C L I  379 1 7 )  
C L (  3 7 ,  17) 
C L (  3 7 1  1 7 )  
C L (  3 7 ,  1 7 )  
CL( 3 7 ,  1 7 1  
C L (  371  1 7 )  
C L I  3 7 ,  1 7 )  
CL( 37.  1 7 )  
CL( 3 7 r  1 7 )  
Cl( 37, 1 7 )  
C L (  379 1 7 )  
C L (  379 1 7 )  
C L (  3 7 1  1 7 )  
ClI 379 1 7 )  
C L (  3 7 1  1 7 )  
C L (  37, 1 7 )  
CL( 379 1 7 )  
C L (  3 7 ,  1 7 )  
C L (  379 1 7 )  
C L t  3 7 ,  1 7 )  
C L (  3 7 ,  1 7 )  

A (  t 1 8 )  
C A I  4 8 ,  2 0 )  
C A (  489 2 0 )  
C A (  48, 201 
C A (  4 8 ,  2 0 )  
C A (  4 8 ,  2 0 )  
C A (  4 8 ,  203 
C A I  4 8 ,  2 0 )  
C A (  489 2 0 )  
C A (  4 8 1  2 0 )  
C A (  481 2 0 )  
C A (  4 8 1  2 0 )  
C A t  4 8 r  2 0 )  
S C (  4 5 1  2 1 )  
S C {  4 5 ,  2 1 )  
S C (  4 5 ,  2 1 )  
S C (  4 5 ,  2 1 )  
SCI 4 5 ,  2 1 )  
S C (  45r 2 1 )  
S C I  4 5 ,  2 1 )  
S C t  4 5 1  2 1 )  
S C (  4 5 r  2 1 )  
T I (  4 8 1  2 2 )  

V I  5 1 r  2 3 )  
V I  519 2 3 )  
V t  519 2 3 )  
V I  51, 2 3 )  
V t  519 2 3 )  
V f  519 2 3 )  
V I  517 2 3 )  
V (  519 2 3 )  

NAI  24r  1 1 )  
N A l  2 4 ,  1 1 )  
N A t  249 11 )  

S (  3 5 ,  1 6 )  
SI 35r  1 6 )  
S (  3 5 ,  1 6 )  
S (  3 5 ,  1 6 )  
S (  359 16) 
S (  351 1 6 )  
S (  359 1 6 )  
S (  359 1 6 )  
S (  3 5 ,  1 6 )  
S (  3 5 ,  1 6 )  
P( 327 151 
P (  3 2 ~  ‘ 1 5 )  
P( 329 15) 
PI 321 15) 

M G (  2 8 ,  1 2 )  
M G (  2 8 ,  1 2 )  
MGt 2 8 ,  1 2 )  
MG( 289 1 2 )  
N A (  247 111 
N A I  2 4 ,  1 1 )  
N A (  2 4 ,  1 1 )  
L I (  8 ,  3 )  
SC(  489 2 1 )  
S C (  4 8 ,  2 1 )  
S C I  487 2 1 )  
SC1 4 8 r  2 1 )  
SC(  4 7 ,  2 1 )  
sc(. 4 7 ,  2 1 )  
SC( 47, 2 1 )  
S C f  4 7 ,  2 1 )  
C A (  47, 2 0 )  
C A (  479 2 0 )  
C A (  479 201 
G A t  4 7 r  201 
TII 451  2 2 )  
TII 451 2 2 )  
T i l  4 5 ,  2 2 )  
T I (  457 2 2 )  
S C (  441 2 1 )  
SC(  441 2 2 )  
SC( 46,  2 1 )  
SC(  4 4 r  2 1 )  
SC( 44,  2 1 )  

V (  4 8 ,  2 3 )  
C R (  5 1 ,  2 4 )  
CRI: 517 2 4 )  
CR( 5 1 ,  241 
CRI 511 2 4 )  
C R (  519 2 4 )  
C R (  49,  2 4 )  
C K (  497 2 4 )  
C R (  4 9 ,  2 4 )  

EN€ RGY 
( M E V )  

288.0 
330.0 
378 . 0 

92.0 
67.0 

142  0 
162.0 
192.0 
237 0 
240.0 
288.0 
330 0 
378.0 

67.0 

142.0 
162.0 
67.0 
92.0 

142.0 
162.0 
92.0 

142.0 
162.0 
340.0 
120.0 
200.0 
300.0 
400.  0 
120.0 
200.0 
300.0 
400 . 0 
120.0 
200.0 
300.0 
400.0 
120.0 
200.0 
300.0 
4 0 0  . 0 
120.0 
200 . 0 
300.0 
370.0 
4 0 0  . 0 

30.0 
55.0 
95.0 

150.0 
155.0 
60.0 

100.0 
170.0 

92.0 

155.0 

S I G M A  ( M S )  
EXPERIMENT 

5.9 
6.6 
7.4 

11.0 + 2.75 
6 - 3 7  + 1,5925 

7.11 
8.41 
6.92 
6.93 
5.95 
7.79 
8.44 
6.155 

52.1 + 13.025 
48.2 + 12.05 

33.7 
3 3 . 5  

0.0068 + ,0017 
0.020 + - 0 0 5  

0.046 
0.073 

0.7 + ,175 
1.3 

0.22 + n.07 
7.8+ 0.3 

4.7 + 1.2 
4.1 + 0 . 3  
3 . 6  + 0.1 
20.3 + 1.6 
l e . 6  + 0.6 
11.0 + 0.1 
8.. 7 + 0. 3 

118.0 + 2.0 
106.0 + 10.0  
106.0 + 4.0 
101.0 + 4.0 
3.80 + 0.07 
2.29 + 0.03 

2.3 

1 - 8 2  + 0.04 
1 - 4 0  + 0.07 

70.1 + 1.8 
50.4 + 1.2 
48.5 + 1.2 
34.5 + 1.6 
47.7 + 1.0 
3.2 + 0 - 5  

78.0 + 12.0 
3 3 . 0  + 6.0 
16.0 + 3.0 

4.8 + 0.7 
31.3 + 7.3 
12.0 + 2.1 
1.7 + 0.4 

14.0 + 7.0 

REF 

8 
8 
8 
8 
8 
8 
8 
8 

8 
R 
8 
R 
8 
8 
R 
8 
8 
0 
8 
8 
8 
R 
8 
8 
19 
19 
19 
19  
19 
19 
19  
19  
13 
19 
19 
19  
2 1  
2 1  
2 1  
21 
71 
7 1  
2 1  
26 
2 2  

7 
5 
5 
5 
5 
2 
3 
8 
8 

4 



. 

I NC. 
PART 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
IJ 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGET 
N U C L € U S  

V I  51, 23) 
V (  51, 2 3 )  
V i  511 2 3 )  
V (  51, 231 
V I  5 1 ,  231 
V I  51, 231 
V I  51, 2 3 )  
V (  51, 23) 
V (  51, 2 3 )  
V {  51, 23) 
V i  51, 2 3 )  
V (  51, 2 3 )  
Vf 51, 231 
V i  51, 231 
V (  51, 23) 
VI 51, 231 
V (  51, 2 3 )  
V (  5 1 9 . 2 3 )  
V( 51, 2 3 )  
V (  5 1 s  2 3 )  
V (  51, 23) 
V (  5 1 1  2 3 )  
V( 5 1 ,  2 3 )  
V 1  51, 23) 
V (  51, 23) 
V (  5 1 1  2 3 )  
V( 519 2 3 )  
V (  5 1 ,  23) 
V (  51, 23) 
V I  51, 2 3 )  
V (  5 1 ,  2 3 )  
V 4  5 1 t  231 
V (  5 1 1  2 3 )  
V t  51, 2 3 )  
VI: 51, 23) 
V (  51, 23) 
Vf 519 23) 
V i  5 1 9  231 
V (  51, 23)  
V (  5 1 ,  23) 
V1. 5 1 ,  2 3 )  
V I  5 1 ,  2 3 )  
V (  51, 2 3 )  
V (  51, 23) 
V(. 5 1 9  2 3 )  
V t  51, 23) 
V I  5 1 ,  2 3 )  
V( 5 1 ,  2 3 )  
V i  51, 2 3 )  
V (  51, 23) 
V t  51, 2 3 )  
V1. 5 1 ,  2 3 )  
V (  5 1 ,  2 3 )  
V (  51, 2 3 )  
V (  5 1 1  2 3 )  

RE S I DUAL ENERGY 
NUCLEUS ( M E V )  

fR( 499 24) 
CRI 49t 24) 
C R f  481 24) 
CK( 48, 241 
C R (  481 24) 
C R I  487 24) 
C R (  48, 24) 
V( 4 8 ,  2 3 )  
V1. 48, 23) 
V (  48, 2 3 )  
V (  4 8 ,  23) 
V (  48, 23) 
VI 479 23) 

T I (  45, 2 2 1  
TI( 451 22 )  
T I (  459 2 2 )  
T I {  45, 2 2 )  
T I {  451 2 2 )  
S C I  491 211 
S C I  49, 21) 
S C (  49, 2 1 )  
SC( 49, 2 1 )  
S C (  48, 211 
SC( 47, 2 1 )  
SCI 47t 21) 
SC4 47, 2 1 )  
SC(  47, 2 1 )  
S C (  47, 2 1 )  
SCI: 46, 2 1 )  
SC(  46, 2 1 )  
S C (  46, 211 
S C i  46, 2 1 )  
SC( 46, 2'1) 
SC( 46, 2 1 )  
SC( 46, 2 1 )  
SCt  46t 2 1 )  
S C (  44, 21) 
S C I  44, 2 1 )  
S C (  44, 2 1 )  
SC( 44, 2 1 )  
S C (  , 2 1 )  
S C (  , 21) 
SC( , 2 1 )  
SCI , 2 1 )  
S C I  7 2 1 )  
C A I  47, 2 0 1  
CA( 47, 201  
C A (  479 2 0 )  
C A (  479 2 0 )  
C A (  6 7 9  2 0 )  
C A I  459 2 0 )  
C A (  45, 2 0 )  
C A {  45, 2 0 )  
C A (  45, 20) 
C A (  45, 20) 

175.0 
240.0 

$0.0 
100.0 
170.0 
175.0 
240 . 0 
60.0 
100.0 
170.0 
170.0 
240.0 
170.0 
60.0 
100.0 
170.0 
175.0 
240.0 
130.0 
210.0 
300- 0 
400 0 
170.0 
60.0 

100.0 
170.0 
175.0 
240.0 
50.0 
60. 0 
950 0 

100.0 
142 0 
170.0 
175.0 
240 0 
100.0 
170.0 
175-0 
240.0 
60.0 
100.0 
170.0 
175-0 
240.0 
60.0 
100.0 
170.0 
175-0 
240.0 
60. 0 
100.0 
170.0 
175.0 
240 0 

S I G M A  4 M R )  
E X P F R  I M E N T  

4. 8 
2.2 + 0.4 
1.2 + 0.4 
1.5 + 0.6 

0.22 + 0.07 
0.18 

32.0 + 1.5 
26.0 + 5.0 

0.24 + 0.04 

23.0 + 4.0 
21.5 + 3.4 
12.6 + 4.2 
4.6 + 0.9 
0.9 + 0.2 
4.1 + 1.0 
4.8 + 1.2 
4.2 + 1.2 
8.4 + 3-3 

0.158 + 0.035 

0.472 + 0.076 
0.391 + 0.048 

4.1 + 1.1 
1.2 + 0.7 
7.7 + 1.4 
7.6 + 1.5 
3.3 + 1.4 
6.3 + 2.0 

0.227 + 0,037 

18.0 + 3.0 
4 - 2  + 2.3 
12.0 + 2.0 
7.0 + 1.4 
16.8 + 2.5 
12.0 + 4.0 
4.3 + 2.0 
7.0 + 1.9 
7.0 + 2.8 
6 . 2  + 1.7 
3.1 + 1.8 
6.7 + 2.1 

0.03 
14.0 + 4.2 
9.4 + 2.2 
5.0 + 2.7 
10.0 + 3.3 
0.004 

0.06 + 0.01 
0.087 + 0.019 
0.05 + 0 .03  
0.12 + 0.04 

0.12 
0.7 + 0.4 
2.5 + 0.6 
0.7 + 0.3 
1.4 + 0-6 

R E F  

a 
H 
8 
8 
P 
R 
8 
R 
8 
8 
8 
8 
R 
8 
A 
8 
8 
R 

7 5  
2 5  
2 5  
2 5  
8 
8 
8 
8 
8 
8 

1 5  
R 

15 
8 

15 
8 
R 
8 
8 
8 
0 
8 
FI 
8 
8 
A 
R 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
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INC. TARGET HESIOUAL 
P A R T  NUCLEUS NUCCEU S 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

ENERGY 
I MEV 1 

60.0 
100.0 
170.0 
175.0 
240- 0 
60.0 

100.0 
170.0 
175-0  
240. 0 
60.0 
100.0 
170.0 
175.0 
240.0 
60.0 

1 0 O I O  
170.0 
175.0 
240- 0 
170.0 
240 . 0 
100.0 
170.0 
175.0 
240.0 
170.0 
240. 0 
170.0 
175 . 0 
240.0 

175.0 
170.0 

240.0 
170-0  
170.0 
370-0 
155.0 
370.0 
370.0 
370.0 
370.0 

370.0 
370.0 

370. 0 

170.0 
15.0 
22.0 
26.0 
31.0 
38.0 
44.0 

370.0 

370.0 

370-0 

SIGMA ( M B )  
F X P F R  IMENT 

0-2 + 0.08 
0.5 

2.0 + 0.6 
1.0 + 0.4 
3.4 + 0.8 

0.07 + 0.05 
1. R 

3.2 + 0.8 
2.4 + 0.8 
5.9 + 1.0 

0.0003 
0.25 + 0.001 
0.25 + 0.06 
0.14 + 0.05 

1.3 + 0.8 
0.008 + 0,004 

0.13 + 0.01 
0.60 + 0.13 

0.7 + 0.4 
2.0 + 0.9 

0.025 + 0.006 
0.6 + 0.3 

0.06 
0.46 + 0.13 
0.15 + 0.05 
0.3 + 0.2 

0.28 + 0.08 
0.3 

0.35 + 0.09 
0.15 + 0.03 

0.8 + 0.4 
0.16 + 0.04 

0,001 
0.008 

0.023 + 0.007 
0.024 + 0.055 

3-9 + 0.6 
48-2 + 2.9 

1.43 
1.46 

0.8h 
1.45 + 0.10 

0. 80  
0.83 + 0.07 

5.6 
6.2 

5.9 + 0.6 
0.24 + 0.07 

59.2 + 4.5 

152.0 + 50.0 
435.0 + 45.0 
458.0 + 50.0 
438.0 + 4500 
321.0 + 35.0 
294.0 + 3 0 - 0  

4 

* _  REF 

8 
8 
P 
9 
5 
R 
8 
8 
R 
8 
8 
9 
8 
8 
5 
5 
9 
8 
9 
8 
8 
8 
8 
8 
8 
8 
8 
R 
8 
8 
8 
8 
8 
8 
8 
8 

26 
2 

2 6  
2 6  
76 
26 
26 
26 
26 
26 
76 
76 
8 

1 8  
18 
18 
18 
18 
1 8  



I N C .  
PART 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

T A R G E T  
N U C L E U S  

R E S  I O U A L  
N U C L E U S  

1-9 

E N E R G Y  
( M E V I  

52.5 
41.0 
68.5 
77.0 
86.5 

103.0 
117-0 
134.0 
152.0 
370.0 
170.0 
170.0 
170.0 
170.0 
170.0 
170. 0 
170. 0 
170.0 
170.0 
170.0 
170.0 
170.0 
170.0 

170.0 

170.0 
170.0 
170.0 
170.0 
170.0 
130.0 
208.0 
297.0 
396.0 

208.0 

170.0 

170.0 

130.0 

297.0 
396.0 
396.0 
130.0 
208.0 
297.0 
130.0 
208.0 
297.0 
396 . 0 
130.0 
208.0 
297 . 0 
396.0 
160.0 
130.0 
208.0 
297.0 

S I G M A  ( M R )  
E X P E R I M E N T  

265-0 + 28.0 
193.0 + 20.0 
180.0 + 20.0 
162.0 + 13.0 
161oO + 1R.O 
140.0 + 15.0 
111.0 + 12.0 
86.0 + 10.0 
89.0 + 10.0 
61.1 + 2.3 
10.0 + 4.0 
16.0 + 3 . 0  
5.9 + 1.5 
6.4 + 1.0 

0.70 + 0.14 
13.0 + 3.0 
2.7 + 0.6 
5.0 + 1.1 

0.70 + 0.26 
2.5 + 0.5 
5.7 + 1.0 
2.4 + 0.5 
3.4 + 0.8 

0.031 + 0.009 
1.1 + 0.3 

0.50 + 0.11 
1.4 + 0.2 

0.033 + 0.009 
0,060 + 0.015 
0.11 + 0.04 

0.083 + 0.023 
4.25 + 0.85 
2.26 + 0.34 
1 - 5 0  + 0.22 
0.89 + 0.13 

38.2 + 7.6 
27.7 + 4-2 
21.4 + 3.2 
18.63 + 2.8 
24.2 + 4.0 

68.6 + 10.3 
49.0 + 7.4 
33.7 + 5.1 
30.0 + 6.0 

22.0 + 3.00 
25.0 + 3.75 
25.0 + 3.75 

5.37 
6.40 
8-50 
9.50 
0.19 

0.020 + 0,004 
0.086 + 0,013 
0.320 + 0.050 

R E F  

15 
18 
1 8  
18 
18 
1 8  
18 
18 
1 5  
2 6  

8 
8 
e 
8 
8 
8 
P 
8 
8 
r j  
8 
R 
R 
8 
8 
R 
H 
R 
R 
9 
8 

1 3  
1 3 
1 3  
13  
13 
1 3  
1 3  
13 
13 
1 3  
1 3  
13 
13 
1’3 
1 3  
13  
13  
1 3  
1 3  
13 

8 
13 
13 
13 



20 
4 

I N .  T A R G E T  RESIDUAL 
PART NUCLEUS NUCLEUS 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

ENERGY 
( M E V )  

396.0 
130.0 
208 . 0 
297.0 
396.0 
160.0 
160.0 

50.0 
75.0 
93.0 

100.0 
135.0 
150.0 
160.0 
175.0 
400 0 
400 . 0 
150.0 
340 . 0 

370.0 
370.0 
370.0 
150.0 
340. 0 
370.0 
370.0 
370.0 
370.0 

370.0 

1 5 0 - 0  
370. 0 
150.0 
150.0 
340.0 
150.0 
340 . 0 
150.0 
340.0 
1 5 0 - 0  
340 0 
150.0 
340 .  0 

340. 0 

340.0 
150.0 
340.0 

340.0 
150.0 
340.0 

340.0 

150.0 

150.0 

150.0 

1 5 0 - 0  

150-0 

S I G M A  I M R )  
E X P E R I M E N T  

0.61 + 0.092 
0.175 + 0.035 
0.313 + 0.047 

0.47 + 0.071 
0.57 + 0.086 

120.0 
11.0 
4.2 

4.3 + 0.8 
5.0 + 1.0 
4.8 + 0.9 
6.4 + 1 - 2  
4.1 + 1.1 

7.2 
6.6 + 1.2 

48.0 
45.0 

1 - 6  + 0.3 
0.24 
.Y 1 
-95 . 90  

- 9 2  + 0.06 
1.7 + 0.4 

0.49 
0.76 
0.79 
0.76 

0 7 7  + 0.08 
110.0 + 10.0 

63.9 + 3.8 
30.0 + 2.0 

0.68 

0.59 

12.0 
1 4 - 0  + 3.0 

12.9 

4.0 
63.0 + 19.0 

41.0 
6 - 1  + 1.7 

4.0 
0.5 + 0.1 

0.80 
33-0 + 5.0 

31.0 
15.0 + 2.0 

10.3 
5.9 + 1.9 

2.4 
4.5 + 1.0 

5.2 + 1.4 

0.7 + 0.2 

36.0 + 16.0 

5.a + 1.2 

R E F  

1 3  
1 3  
1 3  
13 
1 3  

8 
8 
e 
R 
8 
3 
A 
8 
8 
8 
8 
R 
4 
8 

26  
26 
2 6  
2 6  

4 
8 

7 6  
2 6  
26 
76 

4 
2 6  

4 
4 

4 
8 
4 
8 
4 
8 
4 
8 
4 
8 
4 
8 
4 
8 
4 
8 
4 
8 
4 
8 
4 

a 
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INC- TARGET RE S I DUAL ENERGY 
PART NUCLEUS NUCLEUS ( M E V )  

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

340.0 

150.0 
340.0 

340.0 

340.0 

340 . 0 

340.0 
150.0 
340.0 

340.0 

340.0 
150.0 
340.0 

150.0 
340 . 0 

340.0 

150.0 
340.0 

340.0 

340 0 

150.0 

150.0 

1 5 0 - 0  

150.0 

150.0 

150.0 

340.0 

150.0 

1 5 0 - 0  

150.0 

1 5 0 - 0  
150.0 
340.0 
150-0  
340.0 
150.0 

150.0 
170.0 
370.0 

60.0 
60.0 
60.0 

100.0 
100.0 
100.0 
L70.0 
170.0 
170- 0 

150.0 

240.0 
240.0 
240.0 
240.0 
370.0 
370.0 

SIGMA ( M S t  
E X P E R I M E N T  

3.7 
0.45 

0.7 + 0.2 
0.84 

3.0 + 0.6 
3.20 

5 - 9  + 0.4 
20 hQ 

2 - 5  + 0.2 
2.0 

0.007 + 0.002 
0.007 

0.36 + 0.06 
0.56 

0.11 + 0.04 
0- 4 

0.25 + 0.05 
0.7 

0.024 + ,008 
0.045 

0.17 
0.11 + 0.03 

0.11 
0.18 + 0.09 

0 .23  
0.065 + 0.332 

0.2 + 0.1 
0.044 

0 ,026 + 0.013 
0.12 

0.005 + 0.001 
0.065 + 0.011 

0 ,026 
0.03 + 0.01 

0.02 
0.014 + 0.003 

0.04 + 0.01 
0 . 2 3  + 0.03 

1.1 + 0.2 
0.24 + 0.06 

865 . 0 
369.0 + 184.0 
296.0 + 145.0 
218.0 + 109.0 
316.0 + 158.0 
232.0 + 116.0 

121.0 + 61.0 
128.0 + 64.0 

185.0 
120.0 

117.0 + 59.0 
92.0 + 46.0 
92.0 + 46.0 
87.0 + 4 3 - 0  

57.7 + 3 . 7  

REF 

5 
n 
4 
8 
4 
8 
4 
8 
4 

4 
8 
4 
9 
4 
n 
4 
8 
4 
8 
8 
4 
8 
4 
8 
4 
4 
8 
4 
8 
4 
4 
8 
4 
8 
4 
4 
4 
8 
R 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
A 
R 
R 

26 

a 
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INC. TARGET RESIDUAL 
PART NUCLEUS NUCLEUS 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 

ENERGY 
( M E V I  

370.0 
370.0 
370 . 0 
370.0 

60.0 
60.0 
100.0 
100.0 
100.0 
170.0 
170.0 
240.0 

240.0 
370.0 
370.0 
370.0 
370.0 
370.0 

60.0 
100.0 
170.0 
170.0 
240.0 
370 . 0 
170.0 
370.0 
370.0 

60.0 
60.0 

100.0 
100.0 
100.0 
170.0 
170.0 
170.0 
240.0 
240.0 
370 . 0 
60.0 
60.0 

100.0 
100.0 
100.0 
170.0 
170.0 
170.0 
240.0 
240.0 
240.0 
370.0 
370.0 

60.0 
60.0 

100.0 

240 0 

SIGMA ( M R )  
EXPER I MEN1 

36.6 
35.5 
41.5 

37.9 + 3.2 
50.0 + 25.0 
42.0 + 21.0 
53.0 + 27.0 
7 7 - 0  + 39.0 
57.0 + 29.0 
20.0 + 10.0 
71.0 + 11.0 
22.0 + 11.0 

17.0 + 8.0 
17.0 + 8.0 

11.4 
11.1 
12.9 

11.8 + 1.0 
10.9 + 2.7 
2.2 + 0.4 
15.0 + 2.8 
6 . 3  + 1.3 
6.3 + 1.3 
5.5 + 1.1 
3.7 + 0.9 

270.0 + 110.0 
26.5 + 6.4 
1.2 + 0.4 

0.0002 + 0.0001 
0.0005 + 0.0002 

0.33 + 0.098 
0.44 + 0.13 
0.41 + 0.13 
0.46 + 0.08 
0.44 + 0.13 
0.44 + 0.19 

0.49 + 0.15 
0.20 + 0.05 

5.8 + 1.5 
3.3 + 0.88 
9.8 + 2.1 
9.8 + 2.1 
9 - 8  + 2 - 1  
12.0 + 2.0 
7.0 + 2.0 
8.0 + 2.0 
13.0 + 3 . 0  
13.0 + 3.0 
7.5 + 1.9 
2.7 + 0.7 
18.2 + 5.0 
0.46 + 0.1 

0.58 + 0.15 

0.56 + 0.17 

25.0 + 6.0 

REF 

2 6  
26 
26 
26 

8 
R 
R 
e 
8 
8 
8 
R 
8 
R 

2h 
24 
26 
2 6  

8 
8 
8 
8 
8 
8 
8 
R 
R 
8 
8 
8 
8 
? 
8 
8 
8 
8 
8 
q 
8 
R 
P 

P 
e 
8 
8 
I! 

8 
8 
8 
8 
0 
8 
8 

a 

a 



P . 
I N C -  TARGET 
PART NUCLEUS 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
bJ 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
IJ 
P 
P 
P 
P 

C o t  599 27) 
COI 59, 27) 
C o t  599 27) 
CO( 599 27) 
C O (  599 27) 
C g i  591 271 
COI 599 271 
C O (  599 27) 
C O (  599 27) 
C O I  59, 27) 
CO( 599 27) 
C O (  599 271 
CUI 599 27) 
COI 599 27) 
G O (  599 27) 
CO( 599 27) 
Cot 599 27) 
CO( 591 271 
L O ( :  599 271 
CO( 599 27) 
C O (  599 271 
cu( 599 27) 
C O (  599 27) 
C O (  59, 27) 
co (  59. 27) 
LO( 599 271 
C O (  599 27) 
CO( 599 27) 
CUI 599 27) 
C O 4  599 27) 
CO( 599 271 
Lo(  591 27) 
C O (  599 2 7 )  
C O (  599 27) 
C O (  599 2 7 )  
CO( 599 27) 
C O (  599 27) 

599 27) 
C o t  599 27) 
C O (  59, 27) 
C O (  549 2 7 1  
C f l l  5 9 9  27) 
c o (  59T 27) 
CU( 599 27) 
Cot 591 27) 
C O (  599 271 
cu( 59T 27) 
LO(:  599 27) 
CU( 599 271 
C O (  599 27) 
Cot 599 27) 

591 27) 
CU( 599 27) 
COI: 5 9 9  271 
c o t  597 27) 

R E S I D U A L  
NUCLEUS 
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ENERGY 
( M E V )  

100.0 
100.0 
170.0 
170.0 
170.0 
170. 0 
240 0 
240 0 
240.0 
370.0 
370. 0 
100.0 
170.0 
170.0 
170.0 

240.0 

370.0 
170.0 
370.0 
170.0 
370.0 

240 0 

370.0 

170.0 
370.0 
170,O 
370.0 
170.0 

170.0 
170.0 
170.0 

170.0 
370.0 

370.0 
370 . 0 
370.0 
170.0 
370.0 
170. 0 
370.0 

170.0 

370-0 

370-0 

170.0 

370.0 

170.0 
240.0 
240.0 
370.0 
60.0 
60.0 
100.0 
100.0 
170.0 
170.0 

SIGMA ( M B )  
E XPER I ME NT 

28.0 + 7.0 
22.0 + 6-0 
12.0 + 3.0 
31.0 + 6.0 
21.0 + 5.0 
21.0 + 5.0 
35.0 + 8.0 
33.0 + 8.0 
19.0 + 5.0 
10.1 + 2.5 
4.0 + 1.6 
4.0 + 2.0 
3.3 + 1.1 
4.4 + 1.5 
12.0 + 2.0 
15.0 + 5.0 
12.0 + 4.0 
2.9 + 1.0 
19.7 + 1.4 
4-7 + 1.0 
2.9 + 0.7 

0.35 + 0.08 
22.3 + 6.4 
10.0 + 2.0 
7.6 + 2.0 
1.5 + 0.3 
1.5 + 0.7 
1.8 + 0.4 
2 - 5  + 0.6 

0.25 + 0.12 
1.2 4. 0.2 
2.5 + 0.5 
1.6 + 0.2 
1.2 + 0.2 
2.5 + 1.0 
1.8 + 0.4 

0.04 + 0.02 
0.47 + 0.24 
0.11 + 0.03 
0.36 + 0.16 
0.46 + 0.12 
0.61 + 0.20 
0.22 + 0.10 
0.007 + 0.005 
0.002 + 0.001 
0.06 + 0.04 
0.19 + 0.13 
0.36 + 0.79 

0.002 + 0.001 
0.0015 + 0.0008 

0.02 + 0.01 
0.012 + 0.006 
0,012 + 0.006 

3-6 + 1.2 

o.oa + 0.04 

R E F  

a 

a 

8 
8 

8 
8 
8 
R 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

R 
F1 
R 
8 
8 
8 
8 
8 
8 
8 
A 

a 

a 
a 
8 
8 
8 
P, 
8 
8 
9 
5 
8 
P 
R 
8 
8 
8 
8 
A 
R 
a 
8 
8 
R 

R 
a 



24 
4 . 

INC. 
PART 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
Y 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGET R E  S I DUAL 
NUC L E U S NUCLEUS 

ENERGY 
( M E V  1 

240.0 
240 0 
370.0 
370.0 
170.0 
370.0 
170.0 
370.0 
370.0 
370.0 
370.0 
370.0 
130.0 
208.0 
297.0 
396.0 
130.0 
208.0 

396.0 
130.0 
208.0 
297.0 
396.  0 
130.0 
208.0 
297.0 
396.0 
130.0 
208.0 
297.0 
396.0 
130.0 
208.0 
297.0 

130.0 

297.0 
396.0 
370.0 
400.0 
400.0 
370.0 
370.0 
370.0 
370.0 
340.0 
90.0 
190.0 
340.0 

190.0 
340.0 

90.0 

297.0 

396.0 

208 0 

90- 0 

S I G M A  ( Y B )  
E X P E R I M E N T  

0-13 + 0.07 
O * 1 8  + 0.09 

2.0 + 1.0 
0.02 + 0.01 
0.12 + 0.03 
0 - 2 1  + 0.07 
0 * 0 5  + 0.02 

(0.211 
(0 .21)  

0.05 + 0.02 
0005 + 0.02 

0.04 
90.0 
59.0 
62.0 
45.0 

10.5 + 2.0 
8 .5  + 1.3 
9.8 + 1.4 

39.5 + 6.0 
33.5 + 5.6 
3 8 , 5  5.9 
28.0 + 4,3 
20.0 + 4.0 
19.0 + 2.8 
1 9 - 2  + 2.8 
18.0 + 2.7 

3.50 
4.62 
6-50 
7.50 

0.0070 + '  0,0014 
0.025 + 0.004 
0.1330 + 0.020 

6 - 9 5  + 1.0 

0.2720 + 0.041 
0.206 + 0.041 
0,380 + 0.070 
0,594 + 0.090 
O * H t O  + 0.132 

29.4 + 1.0 
52.0 
47.0 
32.8 
31 .4 
32.8 

32.3 + 2 . 3  
0.73 

10.0 + 2.5 
2.0 
1.10 

8.0 + 2,o 
2.0 
0.  80  

45.0 + 11.25 

REF 

8 
8 
8 
8 
8 
8 
8 
8 
8 
R 
A 
H 

13 
1 3  
1 3  
13  
13 
13 
13  
13 
1 3  
1 3  
17 
13 
13 
13  
1 3  
1 3  
13 
1 3  
13 
13 
1-4 
13 
1 3  
13 
13 
13 
1 3  
13 
2 6  
P 
A 

76 
2 6  
26 
76 

R 
P 
R 
8 
8 
R 
8 
F! 



b 

.. INC. 
P A K T  

P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGET 
NUCLEUS 

RESIDUAL 
NUCLEUS 

Cui 649 2 9 )  
CU( 641 2 9 )  
CU( 62s 2 9 )  
CU( 6 2 ,  2 9 )  
CU( 62, 2 9 )  
CU( 61.  2 9 )  
CU( 6 1 ,  2 9 )  
CU( 61, 2 9 )  
CU( 6 0 ,  2 9 )  
N I (  579 2 8 )  
NI( 57 ,  2 8 )  
N I (  57 ,  2 8 )  
CG( 6 1 ,  2 7 )  
C O (  6 1 ,  2 7 )  
C O I  6 1 ,  2 7 )  
CO( 58, 2 7 )  
C O (  5 6 ,  2 7 )  

CO( 5 5 ,  2 7 )  
CO( 559 2 7 )  
F E t  5 9 ,  2 6 )  
F E I  55, 261 
FE{ 5 3 1  2 6 )  
F E (  5 3 ,  2 6 )  
FE(  5 2 ,  2 6 )  
F E I  52, 2 6 )  
F E (  52,  2 6 1  
MN( 561 2 5 )  
MN( 567 2 5 )  
MNI 56, 2 5 )  
MN( 5 4 1  2 5 )  
MN( 52 ,  2 5 )  
MN( 5 2 9  2 5 )  
MN( 5 2 ,  2 5 )  
MN4 51 ,  2 5 )  
MN( 5 1 ,  2 5 )  
CR[ 5 1 ,  2 4 )  
CRI 49, 2 4 )  
CR( 4 9 ,  2 4 )  
CRI 4 9 ,  2 4 )  

V (  4 8 ,  2 3 )  
V (  481 2 3 )  
V (  4 8 ,  2 3 )  

TI( 4 5 ,  221 
SCI  4 7 ,  2 1 )  
SC( 4 6 ,  2 1 )  
SC( 44, 2 1 )  
SC( 1 2 1 )  
C A (  479 2 0 )  

K (  4 2 ,  1 9 )  
C L (  399 1 7 )  
C L (  3 8 ,  1 7 )  

P (  329 1 5 )  

co( 551 271 

CA(  451  2 0 )  

cL( 341 17) 

25 

ENERGY 
[ M E V  1 

190.0 
340 - 0 

90.0 
190.0 
340 0 
90.0 

190.0 
340.0 

90.0 
90.0 

190.0 
340 . 0 

9 0 - 0  
1 9 0 - 0  
340 0 
340-0 
340.0 

90.0 
190.0 

340.0 
340.0 

340.0 

190.1) 
340.0 

3 4 0 - 0  

9 0 - 0  

90-0  

90.0 
190.0 
340.0 

90.0 
190.0 

190.0 

3 4 0 - 0  

3 4 0 -  0 

340 0 
3 4 0 - 0  

90.0 
190.0 
340.0 

9 0 - 0  
190.0 
340.0 
340.0 
340.0 

340.0 
340.0 
340.0 
340.0 

340.0 
340.0 
340 . 0 
340.0 

340.0 

370.0 

S I G M A  ( M R )  
E X P E R I M E N T  

77.0 

114.0 + 28.5 
42.0 
48.3 

65.0 + 16.25 
30.0 
23.0 

7.0 + 1.75 
0.9 + ,235 

1 - 3  
1 - 8 1  

2 . 3  + - 5 7 5  
2.0 
4.83 
57.5 
3.4 

0-6 + - 1 5  
1.4 
2.3 
0.78 
11 .2  

0.35 + -0875  
1.67 

0.008 + 0.002 
0.10 
0.18 

1.6 
2.53 
12.2 

0 - 4  

0.3 

22.  5 

0.9 + 0.225 

0.11 + 0.0275 

7 .  1 

1 - 6 3  
7- 13 

0.011 + 0.00275 
0.7 
0.94 

0.023 + 0.00575 
2. h 
0.73 
1.00 
0.75  
1.72 
1.42 
1.61 

0.0092 
0.161 
0.055 
0.0092 
0.0575 
0,0183 
0. 12 

R E F  

27 
P 
8 
8 
8 
rj 
8 
9 
R 
9 
R 
R 
8 
8 
A 
R 
R 
8 

R 
0 
R 
8 
8 
8 
8 
8 
R 
8 
R 
8 
R 

8 
R 
8 
R 
8 
R 
8 
8 
8 
A 
A 
8 
8 
9 
R 
9 
R 
R 
8 
5 
8 
8 

a 

a 



26 
. -  

IMC. T A K G E T  RESIDUAL ENERGY 
PART NUCLEUS NUCLEUS ( Y € V )  

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

CU( 9 2 9 1  N A (  24r 1 1 )  
CU( 9 291  N A (  2 4 ,  11)  
CU( 9 2 9 )  N A (  229 11) 
CU( t 2 9 )  F( 18, 91 
CU( 9 2 9 )  C( 11, 61 
CU( 6 3 ,  2 9 )  CU( 62, 2 9 )  
CU( 631 291 CU( 6 2 ,  2 9 )  
CU( 6 5 ,  2 9 )  Z N I  6 5 ,  3 0 )  
CU( 6 5 ,  29) ZN( 6 5 ,  3 0 )  
CU( 659 2 9 )  ZN( 65, 3 0 )  
CU( 6 5 ,  2 9 )  ZN( 6 5 ,  301 
CU( 65, 2 9 )  Cut 64, 2 9 )  
CU( 6 5 ,  2 9 )  CU( 541 2 9 )  
CU( 65, 291  CUI. 6 4 ,  2 9 )  
CU( 6 5 ,  2 9 )  C u t  6 4 ,  2 9 )  
C U I  6 5 ,  29) CU( 64, 2 9 )  
C U I  6 5 ,  2 9 )  CU( 6 4 ,  2 9 )  
C U I  6 5 ~  2 9 )  CU( 6 4 ,  2 9 )  
CU( 6 5 ,  2 9 )  CU( 64, 2 9 )  
C U l  65, 29) CU( 6 4 ,  2 9 )  
CU( 659 2 9 )  CU( 6 4 ,  2 9 1  
CU( 657 291 CU( 4 4 ,  2 9 )  
C U I  651 291  CU( 64, 2 9 )  
CU( 6 5 ,  2 9 )  CU( 44, 2 9 )  
CU( 65, 2 9 )  CU( 64, 2 9 )  
CU{ 6 5 9  2 9 )  CU( 64, 2 9 )  
CU( 65, 2 9 )  CU( 6 4 r  2 9 )  
C u i  6 5 ,  2 9 1  CU(  64, 2 9 )  
CU( 6 5 ,  2 9 )  C u i  64, 2 9 )  
C U I  6 5 ,  2 9 )  N I (  6 5 ,  2 8 )  
C u t  6 5 1  2 9 )  rUI( 65, 2 8 )  
CU( 6 5 ,  291 N I (  6 5 ,  2 8 )  
CU( 65, 2 9 )  N I (  65, 281 
CU( 6 5 1  2 9 1  NII: 651 2 8 )  
CU( 65, 2 9 )  N I (  65, 2 8 )  
C u t  65, 29) N I (  579 2 8 )  
CU( 6 5 ,  291 N I (  579 2 8 1  
CU( 6 5 ,  2 9 )  N I (  5 7 1  2 8 )  
CUC 65, 2 9 )  N I (  57, 2 8 )  
C U I  6 5 ,  291 N I (  57. 2 8 )  
CU( 6 5 ,  2 9 )  Nit 57, 2 8 )  
C U I  65, 2 9 )  NI( 5 7 1  2 8 )  
CU(  65, 2 9 1  Ni( 57, 2 8 )  
CU( 65, 2 9 )  N I (  579  2 8 )  
CU( 6 5 ,  293 N I (  57r 2 8 )  
ZN( 9 30) G A I  67, 31) 
ZN( v 3 0 )  GA( 669 3 1 )  
ZN( 9 3 0 1  ZN( 65, 30) 
ZNI. 9 3 0 )  Z N I  62,  3 0 )  
ZN( 9 3 0 )  CUI  6 7 1  2 9 )  
ZN(  3 0 )  CUf 64, 2 9 )  
ZN( T 3 0 )  C u t  61t 291  
Z N I  1 3 0 )  NIf 66, 2 8 )  
ZN( 3 0 )  N I (  6 5 ,  2 8 )  
Z N I  9 30) NII 57, 2 8 )  

340 0 
370.0 

370.0 

400.0 
400.0 

45.0 
55.0 

100.0 
143 . 0 

82.0 
90.0 

110.0 
134.0 
168 0 

340.0 

370.0 

190.0 
196.0 
225.0 
250.0 
280.0 
330.0 
370.0 
380.0 

400.0 
4OO.O 
400.0 
426.0 
100.0 
200.0 
250.0 
300.0 
350. 0 
400 . 0 
100.0 
200.0 
200.0 
250.0 
250.0 
300.0 
300.0 
350.0 
400.0 
400.0 
340.0 
340.0 
340 . 0 
340 . 0 
340 . 0 
340.0 

340 . 0 
340.0 

380 0 

340-0 

340.0 

S I G M A  ( V R )  
E X P E R I M E N T  

0.029 
0.033 
0.036 
0 , 0 3 3  
0. 0 3 3 

64.0 + 6.4 
41.0 + 6.3 
28.0 + 4.0 
17.0 + 3.0 
14.0 + 2.0 

108.4 + 4.2 
126.0 + 32.0  

93.6 + 3.7 
74.6 + 2.9 
65.8 + 2.6 

77.0 + 20.0 
64.3 + 2.5 
57.2 + 2.3 

73.0 + 7.3 

69.0 
55.9 + 2.2 
58.6 + 3.3 
68.0 + 6 . 3  
83.0 + 8 . 3  

73.0 + 7.3 
71.0 

51.6 + 2.0 
0.006 
0.009 
0.021 
0 , 0 3 2  
0.056 
0.078 
1.3 
1.0 
1.8 
1.4 
1.5 
1.5 
1.3 
1.4 
1 .4  
1.4 
1.72 
0.77 

104.0 
8.3 
5.4 
26.0 
3 8 - 0  
0.22 
0.47 
1.95 

67.0 + 6.7 

R FF 

5 
r! 
8 
8 
'i 
8 
8 
5 
5 
5 
5 

3 8  
18 
2 R  
2 8  
7 8  
18 
2 8  
3 P  
7R 

5 
2 P  
76 

8 

P 
e 

? 8  
2 5  
8 
8 
R 
R 
P 
n 
R 
5 
3 
8 
8 
8 
8 
8 
P 
R 
20 
73 
29 
2Q 
2 9  
29 
29  
29  
2 9  
29  

Q 



4 .  

4' 

INC. 
PART 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
t.' 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGET 
NUCLEUS 

ZN I 
ZN ( 
L N  ( 

ZN I 
ZN ( 
ZN 1 
ZN I 
Z N t  
ZN ( 
ZN ( 
Z N I  
ZN ( 
ZN ( 
ZN 1 
ZN ( 
ZN ( 
ZN ( 
ZN I 
ZN4 
ZN ( 
ZN ( 
ZN ( 
ZN I 
ZNI. 
Z N I  
ZN ( 
Z!v i 
ZN ( 
Z Y  ( 
ZN ( 
ZN 1 
ZN ( 
G A (  
GA ( 
GA I 
GA I 
G A t  
GA I 
GA1 
GA ( 
GA ( 
GA ( 
GA { 
G A (  
G A t  
GA ( 
GA ( 
GA ( 
GA 1 
G A (  
GA ( 
GA ( 
G A I  

zrd ( 

9 30) 
3 0 )  

9 3 0 1  
9 3 0 )  
7 30) 
30) 

9 30) 
9 30) 
9 30) 
9 301 
t 30) 
9 30) 
9 30) 
9 3 0 )  
y 30) 
I 30) 
9 30) 
9 3 0 )  
9 30) 
I 30) 
7 30) 
9 3 0 )  
* 30) 
9 30) 

64, 30) 
6 4 ,  30) 
681 30) 
6 8 ,  30) 
687 3 0 )  
689 3 0 )  
689 3 0 )  
68, 3 0 )  
689 30) 
699 3 1 )  
699 3 1 )  
69, 3 1 )  
699 31) 
69, 31) 
69, 3 1 )  
69, 31) 
69, 31) 
691 31) 
699 3 1 )  
699 3 2 )  
69, 31) 
6 9 ,  3 1 )  
6 9 9  31) 
499 3 1 )  
499 31) 
71, 31) 
71, 31) 
719 3 1 )  
71, 31) 
71, 3 1 )  

G A (  719 31) 

R E  S I DUAL 
NUCLEUS 

Ni( 5 6 9  28) 
G O (  61, 27) 
GO( 589 2 7 )  
G O (  56, 2 7 )  
CO( 557 27) 
F E (  5 9 ,  2 6 )  
F E I  52, 26) 
MN( 569 25) 
M N I  5 4 9  2 5 )  
MN( 5 2 9  2 5 )  
MN( 51, 2 5 )  
C R I  51, 24) 
C H (  49, 24) 
CRl 48, 24) 

v (  4 8 ,  2 3 )  
V (  479 2 3 )  

T I (  45, 2 2 )  
C A (  479 2 0 )  
C A (  45, 2 0 )  

K (  439 191 
K t  429 19) 
S (  35, 16) 
P (  321 15) 

N A (  2 4 ,  1 1 1  
ZN( 63, 3 0 )  
ZN( 63, 3 0 )  
C U (  67, 2 9 )  
CU( 67, 29) 
CU( 67, 2 9 )  
C U I  679 2 9 )  
CU( 67, 291 
C u t  679 2 9 )  
C U (  67, 29) 
G A I  69, 321 
G E (  68, 321 
GE(. 67, 3 2 )  
G E l  669 3 2 )  
G A I  6 8 ,  3 1 )  
GA(  6 8 7  3 1 1  
GAI: 67, 3 1 )  
GA( 66, 3 1 )  
G A I  661 3 1 )  
GA1 65, 3 1 )  
GA(  6 5 ,  3 1 )  
ZN(  65, 30) 
Z N (  63, 3 0 )  
ZN( 629 3 0 )  
G U (  67, 2 9 )  
C U I  54, 29) 
G E (  69, 3 2 )  
G E (  68, 32) 
G € (  67, 3 2 )  
G E (  66, 3 2 )  
G A t  70, 3 1 )  
G A (  709 3 1 )  

27 

ENERGY 
( M E V  1 

340.0 
340.0 
340.0 
340.0 
340.0 
340.0 
340.0 
340.0 
340 0 
340.0 
340.0 
340 . 0 
340 . 0 
340 . 0 
340.0 
340.0 
340.0 
340.0 

340 . 0 
340.0 
340.0 
340.0 
340.0 
400.0 
400.0 

80.0 
130.0 
210.0 
250.0 
300 . 0 
350.0 
400.0 
56.0 
56.0 
56.0 

56.0 
370.0 
56.0 
56.0 
370.0 

370.0 
56.0 
56.0 
5 6 . 0  
56.0 

56.0 

56.0 
56.0 
56.0 

340 0 0 

56.0 

56.0 

56.0 

56.0 

370-0 

S I G M A  ( Y 5 )  
E X P E K I M E Y T  

0.103 
1.84 
53.0 
2.07 
1.72 
0.77 
0.25 
2.2 
21.8 
11 - 5  
2.3 
17.2 
2.3 
0.23 
5.5 
0. Q 2  
1.06 

0.0063 
0.25 
0.22 
0.27 
0.07 

0 .023 
0 . 076 
71 .0 
66.0 

11.8 + 1.5 
18.1 + 0.3 
14.6 + 3.3 
20.2 + 4.7 
21.3 + 2.1 
25.8 + 1.7 
20.8 + 5.8 

20.0 
34.0 
21.0 
5.8 

1 9 0 . 0  

170.0 
185.0 

18.2 + 1.1 
32.0 

4.5 + 1.5 
124.0 

29.0 
0.64 
0.34 
21.0 
10h.0 
72.0 
8.0 
0.2 
190.0 

58.2 + 4.3 

58.4 + 2.6 

Q E F  

2 9  
79 
2 9  
79 
79 
79 
2 9  
7 9  
7') 
2 9  
79 
79 
29 
2 9  
29 
39 
79 
29 
79 
7 9  
2 9  
70 
2Y 
29 
79 
3 9  
30 
30 
30 
30 
3c? 
30 
70 
31  
3 1  
3 1  
3 2  
31 
2 6  
11 
3 1  
26 
7 1  
7 b 
3 1  
3 1  
31 
3 1  
3 1  
3 1  
3 1  
7 1  
31 
3 1  
26 



28 
. L  

IkC. TARGET KESX DUAL 
PART rwc L E us NUCLEUS 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
I, 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
iJ 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

E N E R G Y  
( N E V I  

56.0 
370.0 

56.0 
56.0 

370.0 
56.0 
56.0 
56.0 
56.0 
56.0 

378.0 
103.0 
170.0 
378.0 

170.0 
378 . 0 
378.0 
103.0 

378.0 
378.0 
103.0 

378.0 

378 . 0 
170.0 
103.0 
170.0 
378.0 
103.0 
170.0 
378.0 

170.0 
378.0 

170.0 
103.0 
130.0 
170.0 
210.0 
300.0 
378.0 
400 . 0 
103.0 

103.0 

170.0 

170.0 

103.0 

103.0 

103.0 

170.0 
378.0 
103.0 
170.0 
378.0 
103-0 
170.0 
378.0 

SIGMA ( M R )  
EXPER TYENT 

230 . 0 
37.8 + 2.4 

86.0 
3.0 

10.0 + 0.7 
10.0 
7.6 
70.0 
2.1 
14.0 

5-8 + 0.8 
11.0 + 3.0 
8.4 + 1.9 
4.7 + 0.4 
13.0 + 5.0 
10.0 + 4.0 
5.7 + 0.4 
0.5 + 0.1 

70.0 + 25.0 
90.0 + 30.0 
55.0 + 9.0 
28.0 + 2.3 

41.0 + 10.0 
58.0 + 20.0 
67.2 + 4-2 

55.0 + 25.0 
23.7 + 2.1 
7.4 + 1.9 
12.0 + 7.0 

70.0 + 60.0 
42.8 + 6.0 
11.0 + 4.0 

50.0 + 20.0 
37.4 + 4.0 
4.1 + 1.2 
25.0 + 5.0 
16.8 + 0.8 
058 + 0.17 
3.0 + 0.9 
822 + 0.06 

0.303 + 0.087 
0.43 + 0.09 

0.394 + 0.050 
0.516 + 0 , 0 3 8  
1-22 + 0.03 

.BO + 0.25 
1.3 + 0.3 

2.46 + 0.07 
5.7 + 1.5 
16.0 + 3.0 
20.4 + 2.0 
17.0 + 4.0 
29.0 + 6.0 
22.8 + 1.5 

0.587 + 0.096 

K E F  

31 
2 6  
31 
31 
26 
3 1  
31 
31 
31 
31 
29 
29 
29 
79 
2 9  
2 9  
29 
2 9  
79 
2 9  
23 
79 
2Q 
2q 
29 
29 
79 
29 
2 9  
2 9  
29 
29 
29 
2 0  
29 
29 
39 
29 
79 
29 
25 
29 
25 
25 
29 
75 
2 9  
2 9  
29 
29  
29 
29 
79 
29 
29 



. .  
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INC. TARGET R E S  [DUAL ENERGY 
PART NUCLEUS NUCLEUS ( M E V )  

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

103.0 
170.0 
378.0 
103.0 
170.0 
378.0 
130.0 
210.0 
300.0 
378.0 
400.0 
103.0 
103.0 
170.0 
170.0 
378.0 

378.0 
378.0 
103.0 
170.0 
378.0 

103.0 
170.0 
378.0 
378.0 
103.0 
270.0 
378.0 

378.0 

170.0 
378.0 
103.0 

378.0 

378.0 
103.0 
170.0 
378 . 0 
378 . 0 
378.0 
378.0 
378.0 
170.0 
378.0 
378.0 
378.0 
378.0 
170.0 
378.0 

103.0 

378.0 

170.0 

103.0 

170.0 

378.0 

378.0 

S I G M A  ( M R )  R € F  
E X P E R I M E N T  

25.0 + 7.0 29  
52.0 + 13.0 79  

29.6 + 0.8 7 9  
6.3 + 1.7 29 
16.0 + 3.0 29 

2 9  12.1 + 0.3 
(2 .60  + 1.74)E-3 25 
(7.85 + 1.73)E-3 25  
(8.53 + 1.72)F-3 2 5  
0.0036 + 0.0028 29 

0.00330 7 5  
034 + 0.08 7 9  
0 2 5  4- 0.07 93 
1.1 + 0.2 7 9  
1.3 + 0.2 2 9  

1.69 + 0.05 2 9  
7 9  6.6 + 2.5 

30.4 + 6 . 3  2 9  
1.08 + o.oa 3 9  

- 2 2  + 0.06 2 9  
0.55 + 0.10 2 9  
0.79 + 0.11 99 

5.7 + 1.0 2 9  
2.3 + 0.6 2 9  
7.2 + 1.2 2 9  
13.7 + 1.9 2 9  
18.3 + 1.3 2 q  

0.14 + 0.35 2 0  
1.5 + 0.3 79 
8.1 + 0.7 7 9  

0.34 + 0.18 2 9  
1.42 + 0.07 99 

0.0037 + .0011 29 
0.024 + 0.005 7 3  
0.051 + 0.005 2 9  
0.019 + 0,005 29 
0.13 + 0.03 2 9  
0.57 + 0.05 3Q 
0.16 + 0.02 2 9  

0.0007 + 0.9034 2 9  
0.074 + 0.020 2 9  

0.59 + 0.10 3 9  
4.1 + 1.0 2 9  
5.0 + 1.2 7 9  
7.2 + 1 - 0  2 9  

2 - 1 6  + 0.51 2Q 
0.64 + 0.10 2 9  
0.10 + Q.02 2 0  
0.44 + 0.04 2 9  
3.53 + 0.38 3 9  

0.155 + 0.027 7 9  
0.0080 + 0,0004 2 Q  

0.12 + 9 - 0 4  2 0  
1.15 + 0004 7 9  
5.05 + 0.26 7 9  



30 

INC. T A R G E T  R E  SIDIJAL 
PART NUCLEUS N U C L E U S  

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

ENERGY 
( M E V  1 

378.0 
378.0 
378.0 

378 . 0 
378.0 
378.0 

378 .0  

378.0 

378 0 0 
378.0 
378.0 
378.0 

378.0 
378.0 

378.0 

378.0 
378.0 
378.0 
378.0 
378.0 
37R.O 
378.0 
340.0 
68.0 

110.0 
143.0 
22.0 
27.0 
31.0 
36.0 
48.5 
61.0 
71.0 

87.0 
103.0 
117.0 
134.0 
152.0 
240.0 
240.0 
240.0 

240 . 0 
240.0 

240.0 
240.0 

740.0 

240.0 
60.0 

100.0 
100.0 

74.0 

240.0 

240.0 

240.0 

240 0 

S I G M A  ( M B )  
E X P E R I M F V T  

0.704 + 0.040 
0.24 + 0.03 

0.064 + 9.012 
1.0 + 0.2 
0.22 tO.06 

0.010 + 0.004 
0 . 0 09 1 

1.5 + 0.7 
0.26 + 0.04 
0.17 + 0.09 

(0.4) 
0.047 + 0.008 

0.007 + 0.005 
0.092 + 0.014 
0,157 + 0.003 
0.146 + 0.020 
0.151 + 0,020 
0.0022 + 0.004 
0.0022 + 0.004 
0.031 + 0.003 
0.057 + 0.006 

5.5 + 2.0 
36.0 + 3.0 
17.0 + 2.0 
17.5 + 2.0 

36.0 + 25.0 
220.0 + 35.0 
139.0 + 30.0 
172.0 + 33.0 
202.0 + 35.0 
701.0 + 35.0 
148.0 + 30.0 
124.0 + 25.0 
126.0 + 25 .0  

119.0 + 18.0 
109.0 + 18.0 
120.0 + 20.0 

2.0 + - 5  
53.0 t 9.0 

33.1 + 13.0 
21.0 
20.1 
3.1 

0.85 + 0.2 
3.1 + 0.9 
1.3 + 0.5 

,006 + - 0 0 5  
1.9 + 0.9 

0.014 + 0.01 
0.019 + n.01 

0,0021 
0.0095 
0 . 0096 

11.5) 

143.0 + 20.0 

REF 

2 9  
7 9  
2 9  
2 9  
29 
29 
79 
2 9  
2 9  
7 9  
79 
29 
2 0  
29 
2 9  
3 9  
2 9  
79 
7 9  
25, 
2 9  
7 9  
2 9  
5 
5 
5 
18 
18 
18 
1 p  
18 
18 
18 
1 8  
18 
18 
18 
18 
Irj 
39 
79 
2 9  
79 
29  
2 9  
23 
29  
2 9  
7 9  
7Q 
79 
2 9  
32 
32 
7 2 



. 
INC, TARGET R E  S I DUAL E N E R G Y  
P A R T  NUCLEUS NUCLEUS I M E V )  

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

150.0 
1 5 0 - 0  
240.0 
240.0 

60.0 
100.0 
100.0 
150.0 
150.0 
240.0 
240.0 

320.0 
240 . 0 
320 . 0 
240.0 
320.0 

320.0 
240.0 
320.0 

37.0 
52.0 
8?.5 

240 0 
3 2 0 - 0  

240.0 

240.0 

240-0 
3 2 0 - 0  
240.0 
320.0 

320.0 
240.0 
320.0 
240.0 
320.0 
240.  0 
320.0 
240.0 
320.0 
380.0 
400.0 
400.0 

56.0 
340.0 
340.0 
340.0 
340.0 
340.0 
340.0 

340.0 

340.0 
340.0 

24000 

340.0 

340.0 

S I G Y A  ( M R )  
EXPER I M E N 1  

0. 0056 
0.0076 
0.0085 
0.0070 
0.032 

11.8 
12.2 
9.9 
1 2 - 6  
18.2 
1 5 ,  6 
65.6 
54.8 
25.0 
2 1 - 7  
6 2 - 7  
59.7 
80.9 
71.7 
46.7 
42.4 

3 . 3  + 1.5 
1 0 - 7  + 2.2 
13.0 + 2.5 
0.00 146 
0.00520 

0.0209 
0.103 

0.005 1 8  
0.0342 

0.000103 
0.000380 
0 ,000550 
O.OO3 15 
0 ,000349 

0.00821 
0.0148 
0.0192 
0 0 1 59 

65.0 
79.0 
73.0 

159.0 + 5.0 
3.4 
8. 2 
3.0 

130.0 
150.0 

85.0 
42.0 
82.0 
62.0 
36.0 
0.24 

0.00 177 

KEF 

3 2  
3 2  
32 
32 
37 
37  
32 
3 2  
32 
32 
3 2  
3 3  
33 
33 
33 
3 3  
33  
33 
3 3  
3 3  
3 3  
34 
34 
3 4  
33 
3 3  
3 3  
33 
33 
3 3  
3 3  
3 3  
3 3  
33 
3 3  
33 
3 3  
3 3  
33 
3 3  
2 9  
29 
2 9  
35 
29  
29 
2 9  
29  
7 9  
?Y 
2 9  
2 9  
2 9  
29 
29 



I N C .  
PART 

, P 
P 
P 
P 

I P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGET 
NUCLEUS 

AG ( 
AG [ 
AG ( 
A G  
AG ( 
AG I 
AG ( 
AG ( 
AG I 
AG ( 
AG i 
AG ( 
AG ( 
AG 
AG ( 
AG ( 
AG i 
AG 4 
AG ( 
AG ( 
AG ( 
AG ( 
AG ( 
AG ( 
A S  ( 
AG I 
AG I 
AG ( 
AG ( 
A G I  
AG ( 
A G  I 
AS ( 
AG i 
AG ( 
AG I 
A G  1 
AG ( 
AG ( 
AG ( 
AG ( 
AG ( 
A L  ( 
AG I 
AG ( 
AG ( 
AG ( 
AG I 
A G  ( 
AG 
A G  l 

R E  S I D U A L  
NUCL EUS 

~ 

32 

EN€ RGY 
( M E V )  

340.0 
340.0 
340 . 0 
340.0 
340.0 
340.0 

340.0 
340.0 

340-0 

340-0 
340  0 
340.0 
340.0 
340.0 
340 . 0 
340. 0 
340.0 
340.0 
340 . 0 
340.0 
340.0 
340  . 0 
340.0 
340.0 
340.0 
340 . 0 
340.0 
340.0 
340 . 0 
340.0 
340.0 
340.0 
340.0 
340.0 
340.0 
340.0 
340 , 0 
340.0 
340.0 
340.  0 
340.0 
340.0 
340.0 
340 . 0 
340.0 
340 0 0 
340.0 
340.0 
340.0 
340.0 
340,O 
130.0 
130. 0 
200.0 

340 0 

S I G M A  ( M S )  
E X P F K I M F N T  

33.0 
22.0 
0.07 
19.0 
7.3 
7.9 
5.6 
7.9 
2.5 
0.08 
2.6 
1.8 
1.3 
0.3 
0 -  5 
0.  I f  
0.02 
0.34 
1.0 
L. 3 
0. Q 

0,0068 
0.011 
0.033 
0.070 
0.034 
0.055 
0 .028  
0 .3022 
0,015 
O.r)40 
0.034 
O . O O 6 2  
0 .020 
0,0011 
c.011 
0.9050 
0.3017 
0.001 I 

d.00038 
‘3.3045 
0.0015 

0 . 030 15 
0.0r)ll 
0.091 3 

O . O n Q 4 0  
0.0013 
O.OOL2 
0,010 
0.0073 
0.023 
0.1 

9.065 + 0 .OL.2  
3.031 

U . 0 O P  + 0,004 

R € F  

7r, 
29 
2 9  
2 9  
7 0  
7 9  
2 3  
2 9  
2 9  
34 
2 9  
7 9  
7 9  
2 9  
7 9  
2 q  
2 9  
2 9  
7 9  
2 9  
7 9  
2 9  
2 9  
7 9  
7 0  
2 9  
7Q 
29 
79 
2 9  
2 0  
79  
9c; 
7 9  
- 3 9  
7 0  
7 3  
3 3  
2 9  
79 
7 9  
2 9  
29 
2 9  
7 9  
2 9  
7 9  
2 9  
2” 
7 0  
2 9  
2 9  
3 6  
-36 
3 6  



r .  

33 

.. IhC. 
P A R T  

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
F 
P 
P 
P 
P 
P 
P 
P 
P 
P 
IJ 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TAKGET R t  S I DUAL ENERGY 
NUC L €US NUC L EilS ( M E V  1 

48 

48 1 
48 1 
48 1 
53 1 
53 1 
53 1 
53 1 
53 1 
53 1 
53 1 
53 
53 1 
53 1 
53 1 
53 1 
53 1 
53 1 
53 1 
52 1 
52 1 
1) 

52 1 
52 1 
52 1 
52 
52 1 
52 1 
52 1 
52 1 
52 1 
52 
52 1 
52 
51 1 
51 1 
51 
51 1 
55 1 
53 1 
53 1 
53 1 
53 1 
53 1 
53 1 
53 1 
53 1 
53 1 
53 1 
53 1 
53 1 
53 1 
53 1 
53) 

4 a  I 
200 . 0 
300.0 
300.0 
400.0 
4 0 0 - 0  
170.0 
340.0 
350.0 
170-0 
340.0 
350.0 
170.0 
340.0 
350.0 
170.0 

350.0 
170.0 
340.0 
350.0 

340-0 

170.0 
340.0 
300.0 
60.0 
60.0 
60.0 
120.0 
120.0 
120.0 
180.0 
180.0 
180.0 
233.0 
233.0 
233.0 
60.0 
120.0 
180.0 
233 0 
2 5 0 - 0  
100.0 
170.0 
250.0 
300.0 
100.0 
170.0 
2 5 0 - 0  
3OO.O 
100.0 
170.0 
250.0 
300.0 
100.0 
170.0 
250.0 

SIGMA ( M S )  
EXPf3IMENT 

0.079 + 0.002 
0.11’3 + 0.018 
0.0415 + 0.009 
0.139 + 0.037 
0.055 + 0.009 

0.309 
0.02 

0.006 
0*00q 

0.28 
0 * 004 

0.098 + 0.07 
0.3 + 0.08 

0.007 
0.017 + 0.004 
0.077 + 0,0034 

0.001 
0-01 + 0.009 
0.03 + 0.009 

O.OO5 
3.2 + 0.9 
18.9 + 1.7 

38.0 + 11.0 
59.0 + 4.0 
66.0 + 2.0 
125.0 + 4.9 

55.0 + 4.0 
70.0 + 5.0 
126.0 + 6.0 
33.0 + 3.0 
43.0 + 2.0 
76.0 + 4.0 
34.0 + 2.0 
41.0 + 1.0 
75.0 + 2.0 
9.9 + 0.5 
7.2 + 0.4 
12.3 + 0.6 
15.8 + 1.6 
(0.004) 

126-0 + 26.0 
64.0 + 9.0 

80.6 
53.0 + 8.0 
100.U + 26.0 
44.9 + 9.0 

49.5 
37.0 + 7.0 
5 0 - 0  + 7.0 

54.0 + 12.0 
50.4 

28.0 + 10.0 
44.0 + 11.0 
13.5 + 2.4 

51-3 

RFF 

3 6  
3 6  
3 6  
36 
36 
2 9  
2 9  
2 9  
3 9  
79 
29  
29 
79 
79 
29 
29 
29 
79 
79 
79 
29 
79 
29 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
?9 
29 
2 9  
29 
2 9  
7 9  
29 
29 
29 
29 
29 
79 
2 9  
79 
29 
29  
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INC, 
PART 

P 
P 
P 
P 
P 
IJ 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
Y 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 

TARGET P.ES iDUAL 
NUCLEUS NUCC EU s 

E N E R G Y  
I M E V )  

300.0 
100.0 
170.0 
250.0 
300.0 
100.0 
170.0 
250.0 
300.0 
250.0 
250.0 
250.0 
250.0 
250.0 
340 . 0 
60.0 
60.0 
00.0 
100.0 
150.0 
240 . 0 

60.0 
80.0 

100.0 
150.0 
240.0 

100.0 
150.0 
240.0 
25.0 
26.0 
40.0 
40.0 
49.0 
50.0 
59.0 
60.0 
hO.O 
69.0 
70.0 
77.0 
78.0 
8 0 - 0  
84.0 
85.0 
90.0 
90.0 
100.0 
107.0 
107.0 
126.0 
127.0 
144.0 
145.0 

no. o 

SIGMA IND) 
EXPERIMFNT 

12.0 + 7.1 
105.0 + 16.0 
20.5 + 3.2 

53.4 
50.0 + 10.0 

8.9 + 3 .6  
6.8 + 1.1 

29.8 
7.9 + 2.1 
(0.5 + 0.4) 
11.5 + C . 5 1  
64.5 + 6.6 
40.2 + 7.8 

( 0 . 0 7 )  
2.6 + 0.9 

3 1  .O 
70.0 
4. n 
13.0 
3.0 
5.3 

173.0 
3.1 
4.7 
11.0 
3.6 
67.0 
5 A . O  
14.0 
R .  1 

164.0 + 23.0 
165.0 + 75.3 
23e .o  + 34.0 
243.3 + 35.0 
214.0 + 30.0 
213.0 + 30.i) 
259.0 + 35.0 
257.0 + 38.0 
790.0 + 395.0 
222.0 + 35.0 
21Q.0 + 33.0 
216.0 + 32.0 
712.0 + 213.0 
1120.0 + 560.0 
197.0 + 30.0 
195.0 + 27.0 
238.0 + 35.0 
2 3 8 . 0  + 32.0 

890.0 + 445.0 
204.0 + 29.0 
206.0 + 30.0 
172.0 + 25.0 
177.0 + 28.0 
144.0 + 20.0 
130.0 + 20.0 

R E F  

2 9  
39 
2 9  
73 
29 
2 9  
79 
79 
24 
2 9  
29  
7 9  
29 
29 
79 
79 
29 
29  
a9 
7 9  
79 
29 
7 9  
79 
7q 
2Q 
2 9  
79 
79 
2 9  
3 8  
18 
-38 
1 8  
18 
3 8  
18 
3 1  
1 8  
18 
3 9  
1 8  
34 
1 R  
1 8  
38 
13 
3 8  
19 
3 9  
18 
18 
3 8  
lf! 
38 

. -  

a .  



. . .  
35 

. .. 

c 

I NC . 
PART 

P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
? 
P 
? 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 

T A R G E T  Kt S IIIUAL ENERGY 
f\lLIZLEUS hUCLEUS ( M E V )  

55 1 
5 5  1 
55 1 
5 5 )  
55 
55 1 
55 
55 1 
55 
55 1 
55 1 
55 
55 ) 
55 
55 
55 1 
55 1 
55 
55 1 
55 1 
55 1 
55 1 
55 1 
55 1 
55 1 
55 
55 
55 1 
55) 
55 1 
55 1 
55 J 
55 
55 I 
55 t 
55 
55 1 
55 1 
55 
55 1 
55 1 
551 
55 1 
55 
55 1 
55 1 
5 5 )  
5 5 )  
55 
55 1 
55 1 
55 1 
57 1 
57 
57 1 

CS( 132, 
CS[ 1329 
C S (  1329 
C S (  1327 
cs(  i3ir 
CS( 131, 
C S (  1311 
C S {  131, 
C S (  131, 
CS( 131r 
CS( 131, 
CS( 131, 
C S (  131r 
C S (  131, 
c s (  1319 
CS( 1319 

CS( 131r 
CS( 130, 
CS( 130, 
CS( 1301 
CS( 129r 
CS( 129, 
CS( 129, 
CS( 1297 
C S (  129, 
C S I  1279 

c s (  1311 

cs ( i 2 7 T  
CS( 127r 
C S (  1271 

I (  1309 
I (1309 
I ( 130, 
I ( 128r 
I ( 128, 
I ( 128, 
I ( 126r 
I ( 126, 
I [ 1261 
I ( 126, 
I ( 126, 
I (124, 
I ( 124, 
I ( 124r 
I I123r 

I (  1 

TEf 12fr 
TE( 1181 
T E (  118r 
TE(117r 
TE(117, 
CF ( 139r 
C E (  139r 
C E (  139, 

I (  T 

5 5 )  
5 5 )  
55 I 
55) 
55 1 
55 1 
55 1 
55 1 
55  1 
55 1 
55) 
55 1 
55 1 
55 1 
55 1 
55) 
55 1 
55 
55 
55 1 
55) 
55 
55 1 
55 
55 1 
55 
55 1 
5 5 )  
55 1 
55 1 
53) 
53 
53 1 
53 1 
53 1 
53 1 
53 1 
53 1 
53) 
53 
53 
53 1 
53 
53) 
53 1 
53 
53 
52 1 
52 
52 1 
52) 
52 1 
58 1 
58) 
58 1 

150.0 
152.D 
155.0 

50.0 
60.0 
60.0 
70.0 
78.0 
85.0 
90.0 
100.0 
107.0 
127.0 

249.0 

145.0 
150-0 
155.0 
240.0 
60.0 
80.0 
153.0 

60.0 
80.0 
100.0 
150.0 

80.0 
100.0 
150.9 
240.0 
60.0 
80.0 
100.0 
60.0 
80.0 
109.0 
60.0 
80.0 
100.0 
150.0 
240.0 
150.0 

240.0 

1509 0 
240.0 
240.0 
150.0 
240.0 
150,O 

240.0 
150.0 
240.0 
34.0 
58.0 

150. 0 

117.0 

570.0 + 285.0 
135.0 -+ 20.0 
127.0 + 18.3 

53.0 
156.0 + 34.0 
163.0 + 37.0 

150.0 + 30.0 
168.0 + 32.0 

183.0 + 35.0 

163.0 + 32.0 
148.0 + 30.3 
93.0 + 17.0 

470 . 0 

138.0 + 27.0 

509.0 

3 2 0  0 0 
40.0 + 10.0 

460.0 
137.0 
46.0 
12.0 
83.0 
173.0 
110.0 

3t i .o 
15 .D 
7.1 
15.4 
6.4 
4.5 
0.004 
0.02 
0.04 
3 . 3 6  
I ; .  4 
J.44 
3 - 0 5  
0.94 
2.4 
2.5 
5.0 
5.7 
8.5 
8.4 
21.0 
3.6 
11.0 
5.1 
1.1 
4.8 
0.2 
2.4 

42.0 + 4.0 
27.0 + 3.0 
16.0 + 2.0 

R F t  

l? 
1 8  
3 8  
2u 
3 8  
3 3  
2 3  
3 P  
'31; 
3 3  
3 R  
39 

3 8  
3 P  
3 8  
2" 
3 8  
25, 
2 4  
7 9  
2 9  
3 9  
2 9  
2 9  
7 9  
2 9  
29 
7 9  
7 9  
2 9  
2 9  
79 
29  
2 9  
79 
39 
29  
7') 
?9 
2 0  
2 9  
2 9  
39 
79 
2 9  
2 0  
7 9  
3 <? 
23 
7 9  
2 9  
3 9  
5 
5 
5 

. 



1 :LC . 
PAAT 

P 
P 
P 
P 
IJ 
9 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
? 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
? 

TARGET 
NUCLEUS 

R t S Ii)114L 
IV uc L E Li s 

36 

E N t R G Y  
( M E V )  

340.0 
340.0 
2000.0 
2000 . 0 

66.0 
120.0 
180.0 
200.0 
233 0 
370.0 
400 . 0 
420.0 

120.0 

200.0 
233.0 
370.0 
40G . 0 
420.0 
22.0 
78.0 
34.0 
40.0 

57.0 
67.0 
77.0 
87.0 
22.0 
28.0 
34.0 
40.0 
47.0 
57.0 
67.0 
77.0 
87.0 
22.0 
28.3 
34.0 
40.0 
47.0 
57.0 
34.0 
40.0 
47.0 
57.0 
67.0 
77.0 
87.0 
22.0 
34.0 
40.0 
47.0 

b o o 0  

1 w . o  

47.0 

SIGMA [ M R )  
E X P E R I M E N T  

0.9073 
0.005 
0, 03099 

0 .003 
114-0 + 12.0 
9 H . 2  + 17.0 
73.7 + 8 .0  
68.9 + 3.4 
65.5 + 3.8 
79.0 + 7.9 
86.2 + 1.6 
62.1 + 3 .7  
9.2 + 2.0 
11.8 + 4.0 
15.5 + 6.0 
15.5 + 6.0 
19.6 + 7.0 
20.0 + 2.3 
54.4 + 4.6 
16.1 + 1.0 

h8Q.0 
3R0.0 
430 . 0 
510.0 
160.0 
110.0 
94.0 
59.0 
48-0 
99.0 
9 8  .o 
54.0 
36.0 
47.0 
21 .o 
22.0 
13.r3 
13.0 
1.1 
8.4 
s. 0 
9.7 
5.0 
3.3 
1.6 
23.0 
29.0 
42.0 
34.0 
17.0 
0.4 
1.5 
50.0 
41.0 
120.0 

R E F  

7 9  
2 9  
2Q 
2 0  
3 9  
39 
3 9  
3 9  
3 9  
40 
2 9  
41 
39 
3 9  
19 
39 
19 
40 
75, 
41 
42 
47 
42 
47 
42 
42 
47 
42 
42 
42 
42 
42 
42 
42 
47 
42 
42 
42 
42 
42 
4 2  
47 
42 
47 
4 2  
42 
4 2  
42 
4 2  
47 
47 
42 
42 
47 
42 



4 

.* IrUC. 
P A R T  

P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
? 
? 
P 
? 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
? 
P 
P 
? 
P 
P 
P 
P 
P 
? 
P 
P 
? 
P 
P 
? 
P 
? 
? 
P 
P 

TARGET 
N UC L E 1JS 

K t  S I DUAL 
NUCLEUS 

37 

ENERGY 
( M E V )  

57.0 
67.0 
77.0 
87.0 
34.0 
47.0 
57.0 
67.0 

87.0 
57.0 
67.0 
77.0 
87 - 0  

57.0 
6'7 . 0 
67.0 
87.0 
77.0 

67.0 
77.0 
87.0 
67.0 
77.0 
87.0 
22.0 

22.0 
28.0 
34.0 
22 .o 
28.0 
34.0 

770 0 

57.0 

87.0 

28.0 

40.0  
47.0 
57.3 
67.0 
77.0 
87.0 
24.0 
30.0 
24.0 
30.0 
36.0 
30.0 
36.0 
42.0 
48.0 
54.0 
64-0 
74.0 
84.0 

340.  0 

SIGMA 
EXPER 

190 

(h9B)  
MFNT 

0 
390.0 
230 .0  
230 0 
8.5 
17.0 

120.0 
400.0 
300 . 0 
260.0 

4 2  . 0 
80.0 
190.0 
2 4 3  . 0 

45.0 
3.8 
93.0 
17.0 
90.0 
17.0 
25.0 
5.7 
3 3  .0 
33.d 
1.7 
5 . 3  
7.1 
1700.0 
4.0 
520.0 
620-0 
260.0 

4.3 
5.9 
29.0 
46 .0  
69.0 

1 2 0  . 0 
110.0 
87.0 
62.0 
47.0 
44.0 

1200.0 
923.0 
289.9 
240.0 
760 . 0 
430.0 
200.0 
130.0 
1ZD.U 

42 .0  
c4.0 
75.0 

P F F  

42 
4 2  
47 
4 7  
42 
4 7  
4 2  
42  
4 2  
47 
42 
4 2  
4 2  
42 
4 2  
4 2  
42  
4 2  
4 2  
47 
4 2  
47 
47 
42 
4 2  
4 2  
4 2  
47 
4 2  
47 
42 
47 
42  
47 
42 
42  
47 
4 2  
4 2  
47 
42 
4-4 
43  
4 3  
4-4 
4-4 
43 
43 
4 3  
4 3  
43  
4 3  
4 1  
47 
2 9  



INC.  
P A R T  

P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
? 
P 
P 
P 
P 
P 
P 
? 
? 
P 
P 
P 
P 
P 
? 
? 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
f 
P 
P 
P 
P 
P 
P 
P 
P 
JJ 

P 
? 
P 
P 
P 
P 
P 
? 
P 

TARGET RESIDUAL 
N U C L E U S  NUCLEUS 

34.0 
47.0 
40.0 
54.0 
64.0 
74.0 
84.0 

340.0 
48.0 
54.0 
64.0 
74.0 
84.0 

340.0 
24.0 
30.0 
36.0 
42.0 

280.0 
3 8 0 - 0  
380.0 
400.0 

24.0 
30.0 
36.0 
36.0 
42.0 
48.0 
54.0 

3 4 U . O  
36.0 
47.0 
48.0 
54.0 
b4.0 
74.0 
84.0 

340.0 
64.0 
74.0 
84.0 
84.0 
84.0 

340.0 
42.0 
54.0 
56.0 
42.0 
5 4 * 0  
44.0 
74 :o 
04 . 0 

340.0 
44.0 
74.0 

S I G M A  (ME1 
EXPERIMENT 

130.0 
550.0 
830.0 
650 . 0 
200 . 0 
110.0 
98.0 
35.0 
87.0 

420.0 
320 rn 0 
170.0 
73.0 
7 5 - 0  

1no.o 
110.0 
180.0 
170.0 
44.0 
62.0 
53.0 
45.0 
73.0 
74.0 

190.0 
38.0 
87 .0  

180-0  
180.0 
175.0 
5.0 

120.0 
280 . 0 
270.0 
173.0 
180.0 
220.15 

31.0 
130.0 
440 0 
790 . 0 
300.c) 
169.0 
305 - 0  

0.03 
0.95 

40.0 + 2.0 
6.0 
13.0 
10.0 
3.0 
2.0 
52.0 
75.0 
21.0 

REF 

43 
43 
43 
43 
43 
43 
43 
29  
43 
43 
43 
43  
43  
7 9  
43 
47 
43 
4 3  
39 
29 
73 
2 9  
43 
43 
43 
43 
43 
43 
43 
2 0  
43 
47 
4 -3 
43 
43 
43  
4 3  
2 9  
43 
43 
43 
43 
4 3  
7 9  
43 
43 
35  
43 
4 3  
4 3  
43 
43 
2 9  
43 
4 3  

C ._ 



39 

ItUC. TARGET R E S I D U A L  ENEKGY 
P A R T  NUCLEUS N U C L  €US 4 M E V  1 

P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 

T A (  1819 
T A  ( 1 8 1  
T A (  1819 
TA(181, 
T A (  1819 
T A (  1819 
TA(181, 
T A (  181, 
T A (  1819 
T A ( 1 S l r  
TAI181, 
T A ( l B l 9  
TA(181, 
T A (  A d 1 9  
T A (  181 ,  
TAt 1819 
TA(1811 
T A (  1819 
TA(1819 
TA(181, 
TA(181, 
TA(1811 
T A f i B l v  
T A ( 1 8 l r  
T A ( l 8 l r  
T A (  181, 
T A (  1819 
T A (  1819 
T A  ( 1 8  1, 
T A (  1819 
T A t 1 8 l r  
T A (  1 8 1  , 
T A (  1811 
T A (  1819 
T A I  181, 
T A (  1819 
T A (  1 8 1  9 

T A (  1 8 1  
T A (  181, 
TA( l b l 9  
T A (  181, 
T A (  1 8 1  9 

T A I  181, 
T A (  1819 
T A (  1819 
T A ( 1 8 l r  
TA(1819 
T A ( 1 8 1 r  
T A (  1 8 1  9 

T A (  1811 
T A ( l d 1 ,  
T A (  1811 
T A (  181, 
T A (  181, 
T A (  181,  

7 3 )  HF1173, 7 2 )  
7 3 )  hFI 1739 7 2 )  
7 3 )  HF(172, 72) 
7 3 )  HF(1711  72)  
7 3 )  HF(171v 7 2 )  
7 3 )  HF(1711 721 
7 3 )  L U ( 1 7 7 r  71) 
7 3 )  LUt176,  71)  
7 3 )  LU(176r  7 1 )  
7 3 )  LU(1769 7 1 )  
7 3 )  LU(172,  7 1 )  
7 3 )  LU(172,  7 1 1  
7 3 )  LU(172r  7 1 )  
7 3 )  l U ( 1 7 l r  7 1 )  
7 3 )  LU(171,  7 1 )  
7 3 )  t U ( 1 7 0 9  7 1 )  
7 3 )  LU{ Y 7 1 )  
7 3 )  YB(169, 70)  
731 Y B ( 1 6 6 ,  70 )  
7 3 )  TM(167, 69) 
7 3 )  TM(1659 6 9 )  
7 3 )  E K ( 1 6 0 ,  681 
7 3 )  CE(135, 5 8 )  

7 3 )  RA(1319 5 6 )  
7 3 )  R A f 1 2 9 9  56) 
7 3 )  BA(128r  5 6 )  
7 3 )  CS(1299 55) 

7 3 )  T E ( 1 2 l r  521  
731 T E ( 1 1 9 ,  52) 
7 3 )  T E ( 1 1 7 ,  52) 
7 3 )  I N ( 1 1 4 r  49) 
7 3 )  I N ( l 1 1 ,  49)  
7 3 )  I N ( 1 1 0 ~  49)  
7 3 )  I N ( 1 0 9 r  49)  
7 3 )  CiJ(115r 48) 
7 3 )  CD(115r 48) 
7 3 )  CD(107r  48 )  
731 AG(1139 47)  
7 3 )  AG(1129 47) 
7 3 )  A G ( l l 1 ,  47) 
731 A G ( 1 1 0 ~  471 
7 3 )  AG(105, 47) 
7 3 )  PD(109r  46)  
7 3 )  RH(107, 45) 
7 3 )  f i H ( 1 0 5 ~  45) 
7 3 )  R H ( l O 1 r  45) 
731 RtJ(105, 44)  
7 3 )  RU(103r 44) 
7 3 )  RU(  979 44) 
7 3 )  MU( 991 42) 
7 3 )  Z R (  979 40)  
73 )  Z R t  959 40)  
7 3 )  SR( 919 3 8 )  

7 3 )  CE(1341 58) 

7 3 )  c s ( l 2 7 1  5 5 )  

84.0 
340.0 

74.0 

84.0 
340 . 0 

42.0 

54.0 
64.0 
64.0 
74.0 

74.0 
84.0 

340.0 
340.0 
340 . 0 
340 . 0 

74.0 

42.0 

84.0 

340.0 

340.0 
340 0 
340 . 0 
340.0 
340 . 0 
340.0 
340 . 0 
340.0 
340.0 
340 . 0 
340.0 
340.0 
340.0 
340.0 
340.0 
340.0 
340.0 
340.0 
340.0 
340.0 
340.0 
340 . 0 
340  . 0 
340.0 

340 . 0 
340.0 
340.0 
340.0 

340 . 0 
340.0 
340.u 
340.0 
340.0 

340.0 

340 0 

SIGMA ( M U 1  
EXPERIMENT 

24.0 
150.0 

22.0 
3.5 
21.0 
77.0 
0.05 

0.008 
0. O R  
0. 7 
0.07 
1.2 
3.7 
0 -  3 
2.6 
26.2 
73.2 
37.5 
87.0 
58.3 
55.9 
35.9 
0.25 

0.022 
0.015 
0.0029 
0 . 0047 
0.0025 
0.0054 
0.032 
9.013 
0 . 0 0 5 2  
0.024 
0.015 
0.022 
0.9071 
0.0031 
0.0018 
0,014 
0.0033 
0.0074 
0.020 
0.033 
0,031 
0.0053 
0.010 
0.075 
0.0026 
0.0037 
0.032 
0.0017 
0.053 
0.0048 
0.031 
0.018 

REF 

43 
29  
43  
43 
43  
29  
43 
43  
4 3  
43 
43 
4 3  
43  
43 
43 
29  
39  
2 9  
29 
29 
79  
29  
2 3  
29  
29 
2 9  
7’7 
2 9  
29 
79  
2q 
29  
7 9  
2 9  
29 
79  
29 
29 
79  
2 9  
? Q  
23 
29 
79  
2 9  
79 
Z Q  
24 
2 9  
7 9  
2q  
79  
29  
7 9  
2 9  

L 



40 

INC. 
P A R T  

P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
? 
P 
? 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

T A R G t T  
NUCLEUS 

R E S  I OUAL 
NUCLEUS 

ENERGY 
{ M E V I  

340.0 
340.0 
340.0 
340.0 
340 . 0 
340.0 
340.0 
340.0 
340-0  
340.0 
340.0 
3 4 0  . 0 
340.0 
340.0 
340 . 0 
340.0 
340.0 

340.0 
340.0 
340.0 

340.0 
130.0 
210.0 
300 . 0 
400-0  
130.0 
210.0 
300.0 
400-0  
130.0 
21090 
300.0 
400 . 0 
130.0 
210.0 
300.0 
400.0 

23.0 
30.0 
23.0 
30.0 
38.0 
47.0 
57.0 
67.0 
77.0 
54.0 
30.0 
38.3 
47.0 
57.0 
67.0 
77.0 

240. 0 

340 0 

S I G M A  ( M B )  
EXPER I M E W  

0.041 
0,354 
O.OFi9 
0.058 
0.002 
0,109 
0.0 35 
0.364 
0 ,024  
0.051 
0.074 
0 .062  
0,075 
0.017 
G.044 
(3.967 
'3 ,358 
0.338 
0.0021 
0.020 
0,0076 
0.940 
0.007 

2.98 + 0.48 
5.55 
5.48 

6.93 + 1.74 
0.243 + 0 .033  
0.144 + 0.001 
0.295 + 0 . 0 5 9  
0.316 + 0.065 

( 3 . 8 5  + 1 . 3 5 ) F - 2  
(7.28' + 1 . 0 5 ) F - 2  

O . O A 5 1  

(4.88 + 0.20)E-3 
( 3 . 1 9  + 0.141F-3 
( 3 . 8 0  + 0.87)C-3 

(13.2 + 0 - 8 ) F - 2  

0.00497 
623.0 
460.0 
1613.0 
340 . 0 
241) . 0 
640 . r3 
230 , 0 
16d. 0 
12r).o 
12d.O 
49 . 0 

490.0 
25'3.0 
553 0 
29Q . 0 
1513.0 

P EF 

7" 
7 9  
2 9  
7 9  
7 9  
2 9  
7 9  
7 9  
2 9  
2 9  
7 9  
2Q 
7 9  
? 9  

2 q  
74 
2 9  
2" 
7 9  
2c, 
2 q  
2 9  
? 9  
2 5  
7 5  
2 5  
2 5  
7 5  
7 5  
2 5  
75 
2 5  
7 5  
3 5  
2 5  
2 5  
7 5  
2 5  
2 5  
4 4  
44  
4 4  
44 
44 
44  
44 
44  
't 4 
4 4  
4 4  
4 4 
4 4  
4 4  
44 
4 / +  

a. 



t 
.* 

. 

L 

I N C .  
P A R T  

? 
P 
? 
P 
? 
P 
P 
P 
P 
? 
P 
? 
? 
P 
P 
? 
P 
P 
? 
P 
P 
P 
? 
? 
P 
? 
P 
P 
P 
P 
P 
P 
9. 
P 
P 
P 
P 
P 
P 
P 
? 
? 
? 
? 
P 
? 
P 
P 
P 
? 
P 
P 
? 
P 
P 

T A R G E T  
N U C L E i l S  

R E S I D U A L  
niclCLEUS 

41 

ENERGY 
I M E V )  

84.4 
47.0 
57.0 
67.0 
77.0 
84.0 
87.0 
23.0 
23.0 
30.0 
30.0  
38.0 
38.0 
47.0 
47.0 
57.0 
67.0 
77.0 
84.0 
38.0 
47.0 
57.0 
67.0 
77.0 
84.0 
57.0 
67.0 
77.0 
84.0 
87.0 
57.0 
67.0 
77.0 
84.0 
57.0 
67.0 
77.0 

57.0 

77.0 
84.0 
87.0 
67.0 
77.0 
94.0 
97.0 
77.0 
84.0 
87.0 
23.0 
30.0 

47.0 
57.0 

84.0 

67.0 

38.0 

S I G M A  ( M B )  
E X P E K  1 YFNT 

130.0 
( 5 0 . 0 )  
250.0 
230 . 0 
220.0 
190-0 
180.0 

0.3 
16- 0 
2.P 
36.0 
10.0 
53-0  
17.0 
240.0 
180.0 
140.0 
120.0 
160 0 

17.0 
66.0 
113.0 
180.0 
160.0 
200.0 
240- 0 
450-0 
500. 0 
670.0 
5 0 0  0 0 

47.  0 
180.0 
210.0 
210.0 

11.0 
3 3 . 0  
17- 0 
37-0 
3 . 3  
7.1 
12.0 
31 .O 
30.0 
5.6 

9.0 
7 -  8 

13.0 
6.9 
18-0 
14.0 

99.0 
180-0 

60.0 

160.0 
180.0 

REF 

44 
44 
44 
44 
4 4 
44 
44 
44 
44 
44 
44  
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 
44 



IlVC. 
P A R T  

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

T A R G E T  
NUCLEUS 

P E S  IDUAL 
NUCLEUS 

42 

ENERGY 
( M E V )  

67.0 
7 7 - 0  
84.0 

380.0 
380.0 
380.0 
380.0 
380.0 
3 8 0 - 0  
380 0 
380.0 
380.0 
380.0 
380.0 
380.0 
380.0 
380.0 

20.0 
20.0 
24.0 
24.0 
28.0 
28.0 
31.0 
31-0 
34 . 0 
34.0 
37.0 
37.0 
40.0 
50.0 

100.0 
140.0 

50.0 
100.0 
140.0 

50.0 
100.0 
140.0 
100.0 
140.0 
100.0 
140.0 
282.0 

18.0 
22.3 
24.0 
24.0 
24.0 
27.5 
28.0 
28.0 
28.0 
28.3 
31.0 

S I G M A  ( Y Y )  
E X P F R  I M E Y T  

110.0 
140.0 
120.0 

0,002 + 0.002 
0.006 + 0.008 
0.030 + 0.008 
0.097 + O.OO(> 
0.131 + 0.040 

0.0011 
0.094 + 0.023 

1 - 4 6  + 0 . 3 4  
27.5 + 4.7 

1.71 + 0 - 7 7  
17.0 + 7.0 
13.6 + 0 - 9  

17.0 
19.0 

140.0 
69.0 

600. (3 

270.0 
750.0 
310.0 
59r). 0 
150.0 

72.0 
2 6 0 . 0  
250.0 

27.0 
300.0 
250.0 

73.0 
90.0 

200.0 
9Q.O 

300.0 
82.0 

260.0 
75-0  

71.0 + 5.7 
23.5 
8 3 . 3  
0.60 
23.0 
24.0 

141 - 0  
5.1 
98.0 

104.0 
152.9 

14.0 

0.089 + n.006 

42.0 + 8.9 

343.0 

6o.n 

4 .. 
RFF 

44 
44 
4 4 
7 3  
2 9  
7 9  

2', 
29 
7 9  
2 9  
79  
79 
2 9  
79 
2 9  
7 9  
2 9  
45 
45 
45 
45 
4 5  
4 5  
45 
45  
4 5  
45 
45  
4 5  
45 
46 
47 
46 
46 
47 
46 
46 
47 
46 
47 
4 6  
47 
46 
7 9  
47 
47 
4 5  
4 5  
45 
47 
45 
4 5  
4 5  
47 
4 5  

a 
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.- 

c 

INC. TARGET 
PART NULL E US 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
? 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
? 
? 
P 
iJ 
? 
P 
2 
P 
P 
P 
P 
P 
? 
3 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

RESIDUAL EFJERGY 
EvUCL E cis L M E V )  

AU( 1969 
AU( 1969 
AUI 196, 
AU ( 1967 
ACI( 1969 
A U I  1969 
AU( 196, 
AU( 196, 
AU( 1969 
AU( 196r 
AU( 1967 
AU( 1969 
AU( 1 9 6 ~  
AU( 196r 
AU( 1969 
AU( 196, 
AU( 1961 
AU( 1969 
AU( 1961 
AU( 196, 
AU( 196, 
AU( 196r 
AU( 1961 
AU( 196, 
AU( 1961 
AUI 1961 
AU( 196, 
A d (  196, 
AU( 1969 
AU( 1969 
AU( 196r  
AU( 1961 
AU( 196, 
AU( 1969 
AU( 1969 
A b (  196r 
AU( 196r 
AU( 196r 
AU( 1969 
AU( 196r 
AUI: 196r  
AU( 196, 
AU( 196r 
AU( 1961 
AU( 1969 
AU( 196r 
AU( 1969 
AU( 196r 
AU( 196r 
AU(. 196r  
AU( 1969 
AUI  196, 
AUI  196r 
AU( 1969 
AU( 196r 

31.0 
31.0 
32.4 
32.5 
3 3 -  2 
34.0 
34.3 
34.0 
37.0 
37.0 
37.0 
37.3 
37.9 
37.9 
40.0 
40.0 
40.0 
42.2 
42.8 
42.8 
44.0 

46.0 
46.0 
47.2 
47.4 
51.9 
52.0 
52.0 
57.0 
52.5 
54.5 
56.8 
57.4 
60.0 
60.0 
60.0 
61.7 
62.5 
67.1 
67.1 
72.0 
72.0 
76.9 
81.8 
82.0 
86.0 
38.0 
99.0 

127.0 
139.0 
139.0 
154.0 
210.0 
426.0 

46.0 

SIG?ClA (?IF31 
E X P E K I Y F N T  

124.0 
13d.0 
169.0 

146.0 + 30.0 
179.0 

21.0 
14Q.O 
173.0 

37.0 
154.0 
191.0 
l h 8  . 0 
182.0 
185.0 

44.0 
147 . 9 
191.0 
170.0 
174.0 
177.0 

175.0 + 30.0 
40.0 

140 . 0 
180.0 
175.0 
194.0 
164.0 

25.0 
145.0 
173.0 
186.0 

177.0 + 39.0 
174.0 
179.0 
23.0 

135.0 

165.0 
168 . 0 
153.0 
165 . 0 
153.0 

157.0 
146.0 

155.0 

153.0 

173.0 + 30.0 

121.6 + 9.8 

189.0 + 30.0 
227.0 + 25.0 
80.0 + 15.0 
68.0 + 12.0 

91.2 + 7.4 
76.0 + 15.0 

73.6 + 6.0 
70.5 + 5.7 

R F F  

4 5  
45 
G 7  

18 
47 
45 
45 
4 5 
’r 5 
4 5  
45 
47 
47 
47 
45 
45 
45 
47 
47 
47  
18 
45 
45 
45 
47 
47 
47 
45 
45 
45 
4 7 
1 R  
47 
47 
45 
45 
45 
47 
47 
47 
47 
47 
I R  
47 
47 
28  
47 
1H 
1 8  
15 
1 8  
2 5  
18 
2 8  
28 
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I N C .  
P A R T  

P 
F 
P 
P 
? 
P 
P 
P 
P 
P 
P 
? 
P 
? 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 

T A R G E T  
NUCLEUS 

RESIDUAL 
NUCLEUS 

23.2 
25.3 
33.7 
37.9 
37.9 
42.8 
42.8 
47.4 
52.5 
57.4 
62.5 
67.1 
67.1 
72.0 
72.0 
76.9 
76.9 
81.8 
86.0 
32.4 
37.3 
37.9 
37.9 
42.2 
42.8 
47.2 
47.4 
51.9 
52.5 
56.8 
57.4 
61.7 
62.5 
67.1 
67.1 
72.0 
76.9 
81.8 
86.0 
56.0 
50.0 

110.0 
340.0 
220.0 
340.0 
420.0 

52.5 

63.8 
52.5 
56.3 
6 3 . 8  
52.5 
56.3 
6 3 . 8  

56- 3 

SIGMA ( M H I  
F X P E A I M E Y T  

8.1 
26.E 
69.0 

116.0 
115.0 
125.0 
138.0 
149.0 
144.0 

136.0 
115.0 
130.0 
138.0 
122 . 0 
135.0 
122.0 
114.0 
173. D 
6.0 
18.0 
27.0 
2’+. 0 
80.0 
65.0 

112.0 
126.0 
125.0 
146.0 
144.0 
144.0 
150.0 
159.0 
149 . 0 
141.0 

139.0 
136.0 
137.0 

45.0 + 2.0 
0.05 + 0.03 
0.35 + 0.07 

0.003 
0.0059 
0.0013 

0.0044 + 0.0022 
150.0 + 22.5 
110.0 + 16.5 
90.0 + 13.5 
470.0 + 70.5 
300.0+ 45.0 
210.0 + 31.5 
590.0 + 88.5 
380.0 + 57.0 

142.0 

133.0 

210.0 + 31 -5  

K E F  

47 
47 
47 
ft 7 
47 
47 
47 
47 
4 7 
47 
47 
47  
47  
47 
47 
47 
47 
47 
47 
47  
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47  
47 
47 
47 
47  
47 
47 
47 
47 
35 
34 
34 
2 0  
29 
29 
7 9  
29 
29 
7 9  
2 Q  
79 
29 
2 9  
79 
2Q 

* 
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6 .- IILC. 

PART 

P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
Y 
P 
P 
Y 
P 
P 
P 
P 
P 
? 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TAKGET 
NUCLEUS 

R t S  I O U A L  ENEKGY 
NUCLEUS ( M E Y  1 

BI(2Olr 
BI(202, 
61(201t 
BI(200, 
G A (  73, 
GA(  72, 
G A (  67, 
P( 3.2, 

MGt 28, 
N A (  24, 

H I  3,  
H (  39 

A T (  211 
PLJI 209, 
PO(208r 
POL 207r 
PO( 206- 
P f l ( 2 0 6 ,  
P0[206r 
PC?( 2059 
POI  205 , 
PO (2051 
PO(  205, 
P O (  2059 
PO(205r 
PO( 2041 
P O (  204, 
PO(204, 
PO( 2049 
PO( 204, 
PO(  204, 
PO( 2041 
PO( 20+, 

PO( 2039 
PO(203r 
PO( 2031 
P O I  2039 
PO(203, 
PO( 2031 
PO( 2039 
PO(202, 
PO( 202 * 
PO(202, 
P13(201* 
P01201, 
PO [ Z O O  t 
PO( 200, 
€31 ( 2 0 7 9  
BI(207r 
B I  206, 
P I  (206, 
6 I (2051 

~ n ( z 0 3 ,  

a1 t 2 0 5 ,  
B I  (204, 

83 1 52.5 
83 1 56.3 
8 3 )  63.8 
83 1 63.8 
31 390.0 
31 1 390.0 
3 1  1 390.0 
15 1 390 . 0 
12 1 390.0 
11) 390.0 
1 )  120.0 
1)  300.0 

8 5  1 180.0 
84 135.1) 
84 1 135.0 
84 1 50.4 
84 1 135.0 

84 1 412.0 
84 1 50.4 
84 1 55.0 
8 4 )  59.7 
84 1 135.0 
84 1 380.0 
84 1 412.0 
84 1 50.4 
a4 1 55.0 
84 I 59.7 
84 66.3 
84) 74.9 
84) 135.0 
84 f 380.0 
84 1 412.0 
94 1 59.7 
8 4  1 b6.3 
84) 74.9 
84 1 79.9 
84 ) d3.7 
84 135.0 
84 1 3 8 0 - 0  
84 1 412.0 
84 1 135.0 
84) 380.0 

84 1 135.0 
84) 380.0 
84 1 1 3 5 . 0  
84 1 3130.0 
83) 380.0 
83 1 412.0 
83 1 380.0 
83 1 412.0 
8 3  380.0 
83 412.0 
83 1 380.0 

84 1 380.0 

84 1 412.0 

SIGMA ( Y 5 )  
FXPEK I MENT 

260.0 + 39.0 
400.0 + 60.0 
550.0 + d2.5 

1.2 + 0.36 
0.56 + 0,168 

0.013 + 0.0039 
0.01 + 0.003 

0.03 + 0.009 
17.0 + 5.0 

73 .3  + 22.0 
9.057 

20.0 + 5.0 
37.0 + 7.0 

80.0 + 12.0 
59.0 + 6.0 
7 . 7  + 5.6 

2 . 0 
800.0 + 170.0 
680.0 + 102.0 
450.0 + 67.50  

180.0 + 27.0 

0.001 + 0.0003 

72.5 + 7.5 
12.9 + 9.4 

0. 4 
210.0 + 31.50 
400.0 + 60.0 

490.0 + 73.50 
470.0 + 73.50 
450.0 + 67.50 

71.5 + 3.5 
8.9 + 6.5 

1 . 6 
30.0 + 13.5 

390.0 + 58.50 
490.0 + 73 .50  

390.0 + 58.5 
360.0 + 54.0 
69.5 + 5.5 
12.5 + 9.1 

71.0 + 5.0 
5.2 + 3.8 

0.7H 
80.0 + 8.0 
13.3 + 9.7 
90.0 + 4.0 
10.0 + 7.3 
15.7 + 3.6 

20.0 
49.3 + 5.9 

16.9 
50.0 + 7.0  

3 .  0 
37.1  + 3.2 

0.39 

R E F  

2 9  
29 
7 9  
29 
- 79 
3 9  
79 
79 
29 
29 
2 9  
2 9  
29  
4 R  
4 8  
29 
48 
29 
7 9  
39 
79 
29 
4 5  
29 
29 
29 
79 
2 0  
29 
29 
48 
29 
79 
2 9  
29 
29  
2 9  
7 9  
4 8  
79  
7 9  
43 
29 
79 
4 R  
2 9  

2 ‘3 

2 9  
3 C? 

79 
2 9  
2 i )  

2Q 
7 9  

4 a  
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INC. 
PART 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 

TAKGET RES I DUAL 
NUCLEUS NUCLEUS 

ENERGY 
( M E V )  

S I G M A  I M R )  9 E F  
EXPERIMENT 

412.0 
380.0 
412.0 
380.0 
412.0 
380.0 

380.0 

412.0 
56.0 

380.0 

380.0 

380.0 

380.0 

412.0 
380.0 

412.0 

380.0 
380.0 
412.9 
380.0 
412.0 
380.0 
412.0 
380.0 
412.0 
380.0 
380.0 

380 0 

380. o 
380.0 
380.0 
380.0 
380.0 
380.0 
380.0 
380.0 
380.0 
380.0 
380.0  
350 .0  
380.0 
380.0 
380.0 
380.0 
380.0 
380.0 
380.0 
380.0 
350.0 
75.0 
184.0 
303.0 
75.0 
75.0 
120.0 

15.0 29 
47.6 + 7.6 2 9  

8.2 79 
55.8 + 9.4 29 

1 8 - 0  2 9  
49.6  + 4.4 79 

64.4 79 
68.0 29 
60- 1 29 
9.8 29  

2 7 . 0  + 1.0 35 
14.0 + 2.7 29 

6.6 29 
24.5 + 6.6 29 
7.5 + 5.0 24 

5.6 2Q 
13.7 2 Q  
26.9 29 
12.5 2 9  
1- 6 2 9  

4.42 + 5.9 7 9  
0.33 7 0  

15.1 + 3.4 2 9  
7.0 79 

13.5 + 0.8 29 
1.0 7 9  

2.52 + 1-37 79 
25.8 + 3.2 29 

62.5 + lE.4 79 
62.3 + 15.2 ?a 
73.3 + 21-1 2 9  
4.65 + 2.83 2 3  
3.89 + 1.37 7’$ 

( 0 . 5 )  29 
7.0 7 9  
27.0 29 
71.9 7 9  
39.8 2 9  
1.05 7 9  

0.46 + 0.07 29 
1-30 + 0.17 7 9  
0.6 + 0.6 29 
14.2 + 1.3 2 9  

17.0 39 
7.8 29 
16.8 2 9  
20. R 70 
28.1 2 9  
9.0 2 9  

0.0023 + 0.00049 ? c )  

0,0027 + 0.00081 29 
0.012 + 0.0036 7 9  

0,0028 + 0.000084 29 
0.0006 + 0.00018 7 0  

0.00032 + 0.000246 39  



47 . 
L .- 

INC. 
PANT 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
? 
? 
P 
P 
P 
P 
P 
? 
P 
? 
P 
P 
P 
P 
? 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
I’ 
P 
P 
P 
P 
? 
P 
tJ 
P 
P 

T A R G E T  
NUCLEUS 

R E S I D U A L  ENERGY 
NUCLEUS ( M E V )  

I (1329 
I ( 1321 
14 1321 
I (  1329 
I ( 1329 
I ( 1329 
I ( 1309 
I ( 130, 
1 ( 1301 
I (  1309 
II 1309 
I (1307 
I (1309 
I t  130, 
Z ( 1289 
I I1289 
1 ( 1289 
I (128, 
I(1289 
I (  1289 
1 { 1287 
I (1289 
I ( 1269 
I I1269 
I (1269 
I (1261 
I I1269 
I(126r 
I ( 1 2 6 9  
II: 1261 
1 (1249 
I ( 1 2 4 7  
I (1249 
I ( 1249 
I f  1249 
It 1249 
I (1249 
I ( 1241 

S N (  1151 
S N (  1159 
I N (  1149 
IN( 1147 
IN( 1149 
IN( L 141 
IN( 1149 
I N (  1149 
IN( 1149 
1NI 1149 
IN(1llr 
I N ( l l 1 ~  
A G I  1139 
A G (  113 9 

AG4 1139 
A G (  1131 
AG(113, 

53 1 
53 1 
53) 
53 1 
53) 
53 1 
53 1 
53 1 
53 
53 
53 1 
53 1 
53 1 
53 1 
53) 
53 1 
53 1 
53 1 
53 1 
53) 
531 
53 1 
531 
53 1 
53 1 
53) 
53 1 
53 1 
53) 
53 1 
53) 
53 1 
53 1 
5 3  1 
53 1 
53 1 
53 1 
53 1 
5 0 1  
5 0 )  
49 1 
49 1 
49 1 
49 3 
49 
49 1 
49 1 
49 1 
49 1 
49 
47 1 
47 1 
47 
47 1 
47 1 

184.0 
192.0 
242.0 
303.0 
355.0 
373.0 
75.0 

120.0 
184.0 
192.0 
242.0 
303.0 
355.0 
373.0 
75.0 
120.0 
184.0 
192.0 
242.0 
303.0 
355.0 
373-0 
75.0 

120.0 
184.0 
192.0 
242.0 
303.0 
355.0 
373.0 
75.0 
120.0 
184.0 
192 0 
242.0 
303.0 
355.0 
373.0 
75.0 
192.0 
75.0 

120.0 
184.0 
192.0 
242 . 0 
303.0 
355.0 
373.0 
75.0 

192.0 
75.0 
120.0 
184.0 
192.0 
242 0 

S I G M A  I M B )  R E F  
EXPEK I MENT 

0.0026 + 0.00078 29 
0.0070 + 0.0021 79 
0.007 + 0.0321 2 9  
0,011 + 0,0033 29 
0.012 + 0.0036 29 
0.012 + 0.0036 29 

0.00083 + 0.000249 29 
0.0017 + 0.00051 29 
0.0040 + 0.0012 29 
0.009 + 0.0027 29 

0.0076 + 0.00228 29 
0,012 + 0,0036 29 
0.011 + 0,0033 29 
0.014 + 0,0042 29 

0.0012 + 0.00036 29 
0.0025 + 0.00075 29 
0.0069 + 0.00207 29 

0,020 + 0.006 79 
0.017 + 0,0051 29 
0.022 + 0,0066 29 
0.025 + 0,0075 ?9 
0.024 + 0.0072 39 

0.0012 + 0.00036 79 
0.0027 + 0.00081 29 
0.013 + 0.0039 29 
0.032 + 0,0096 79 
0.037 + 0.0111 2 9  
0.041 + 0.0123 99 
0.048 + 0.0144 29 
0.050 + 0.015 79 

0.0003 + 0.00009 ?9 
0o0015 + 0.00045 29 
0.0065 + 0.00195 29 

0.010 + 0.003 29 
0,018 + 0.0054 29 
0.032 + 0.0096 29 
0.031 + 0,0093 29 
0.031 + 0.0093 29 
0.12 + 0.036 29 
2.5 + 0.75 29 

0.0044 + 0,00132 29 
0.13 + 0.039 7 Q  
0.32 + 0.096 29 
0.67 + 0.201 79 
2.4 + 0.72 29 
2.4 + 0.72 79 
5.3 + 1.59 29 
4.9 + 1.47 29 
0.12 + 0.036 29 
1.2 + 0.36 29 

0 - 2 8  + 0.084 29 
1.5 + 0.45 79 
1.7 + 0-51 29 
1.2 + 0.36 29 
1.9 + 0.57 29 
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c 

*. 
INC. 
PAR7 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
? 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGET RtSIOUAL 
NUCLEUS NUCLEUS 

E N E R G Y  
( M E V )  

303.0 
355.0 
373.0 
75.0 
120.0 
134.0 
192.0 
243.0 
303.0 
355.0 
373-0 
75.0 
120.0 
184.0 
192-0 
2 4 2  . 0 
303 .0  
355 - 0  
373.0 
192.0 
192.0 
197 .0 
192 . 0 
75.0 

120.0 
184.0 
242.0 
303 . 0 
355.0 
373.0 
75.0 
75.0 
120.0 
120.0 
184.0 
184.0 
242 .O 
242.0 
303.0 
303.0 
355.0 
355.0 
373.0 
373.0 
184.0 
242 . 0 
75.0 
120.0 
75.0 
120.0 
184.0 
1 9 2  . 11 
242.0 
303.0 
355.0 

SIGMA I M O )  
E X P E R I M E Y T  

0.91 + 0.27'3 
1.9 + 0.57 
1.1 + 0.33 

0.1% + 0.036 
0.69 + 0.207 
0.89 + 0.267 
1.2 + 0.36 
1.4 + 0 .42  
2.7 + 0.81 
1.4 + 0.42 
1.9 + 0.57 

0-35 + 0,105 
1.7 + 0.51 
2.4 + 0 . 7 2  
7.5 + 0.75 
2.8 + 0.84 
3.1 + 0.93 
3.3 + 0.39 
3.1 + 0.93  

0.12 + 0.0-3h 
0.48 + 0.144 
0.009 + 0,0077 
0.016 + 0.9048 
0.076 + 0,0078 
0.70 + 0.21 
2.3 + 0.69 
3 . 4  + 1.02 
5.1 + 1.53 
3.3 + 0.99 
4.1 + 1 - 2 3  

0.017 + 0.0051 
0.012 + 0.0036 
0.14 + 0.042 
0.079 + 0 . 0 7 3 7  

0.9 + 0.27 
0.45 + O.135 
1.1 + 0 . 3 3  

0.68 + 0.204 
1-1 + 0.33 

11.86 + 0 . 2 5 5  
2.0 + 0.5 
0.71 + 0 . 7 1 3  
2.7 + 0.81 

0.82 + 0.243 
0.053 + 3.0159 
0.047 + 0.3141 
0.023 + 0.0069 
0.19 + 0.057 
0.034 + 0.0102 
0.45 + 0.135 
0.98 + 0.2Q4 
0.63 + 0.189 
1-6 + 004f3 
2.1 + 0.63 
2.1 + 0 . 6 3  

R t F  

39 
29 
29 
2 9  
29 
2 9  
7 9  
2 9  
79 
29 
29 
29 
29 
7') 
29 
29 
2 9  
2', 
29  
2 9  
39  
7 Q  
7 9  
29 
7 Q  
2 9  
2 9  
2 9  
2 9  
7 9  
2 9  
?c, 
29 
2'3 
7': 
2 9  
751 

2 9  
3q 
29 
7 9  
2" 
39 
2 9  
79 
79 
2 9  
79 
29 
29 
39 
7Q 
79 
2 9  

3 0  
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.* INC. 
PART 

P 
P 
? 
P 
? 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
? 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
? 
P 
P 
P 
P 
P 

TARGET K ES IDUAL ENERGY 
NUCLEUS NUCLEUS ( M E V  1 

373.0 
75.0 

123.0 
184.0 
192.0 
242.0 
303.0 

373.0 
184.0 
192 . 0 
242.0 
303 . 0 
355.0 
373.0 
75.0 
120.0 
184.0 
192. 0 

303 . 0 
355.0 
373.0 
120.0 
184.0 
192.0 
242.0 
303.0 
355.0 
373 0 
75.0 
120.0 
184.0 
192.0 
242 . 0 
303.0 
355.0 
373 0 
120 . 0 
184.0 
192 . 0 
242 .0  
303.0 
355.0 
373.0 
120.0 
184.0 
192.0 

303.0 
355.0 
373.0 
120.0 
300.0 
340 - 0 

355.0 

242 0 

242-0 

SIGMA ( Y B )  
E X P E R I M E N T  

1.6 + 0.48  
0.0033 + 0.00099 

0.13 + 0.039 

0.36 + 0.108 
1.2 + 0.36 
1.4 + 0.42 
1.5 + 0.45 

0.76 + 0.229 

1.5 + 0.45 
0.63 + 0.189 
0.23 + 0.06Y 

1.1 + 0.33 
1.3 + 0.39 
1.0 + 0.3 
1.8 + 0.54 

0.074 + 0,0222 
0.47 + 0,141 

1.6 + 0.48 
1.2 + 0.36 
2.3 + 0.69 
4.3 + 1.29 
4.0 + 1.2 
2.2 + 0.66 
0.24 + 0.072 
0.71 + 0.213 
0.54 + 0.162 
0.83 + 0.249 
2.0 + 0.6 
1.8 + 0.54 
2 . 3  + 0.69 

0.008 + 0.0024 
0.041 + 0,0123 

0.19 + 0.057 
0.41 + 0.123 
0.82 + 0.246 
0.91 + 0,277 
0.69 + 0.207 
0.038 + 0,0114 

0.12 + 0.0336 
0.23 + 0.069 
0.37 + 0.111 
0.39 + 0.117 
0.41 + 0.123 

0.0059 + 0.00177 
0.036 + 0.0108 
0.021 + 0.0063 
0.034 + 0.0102 
0.067 + 0.0201 

0.19 + 0.057 

0.12 + 0.036 

0.090 + 0.027 
0.11 + 0.037 

0 ,0030  + 0.00090 
73.0 + 22.0 
2.6 + 1.2 

9 FF 

29 
2 0  
39 
2 q  
29  
29 
29 
7 9  
7 9  
20 
79 
29 
29 
39 
39 
29 
29 
29 
79 
29 
29 
29 
79 
29 
74, 
29 
7 9  
29 
39  
29 
39 
29 
29 
79 
29 
39 
29 
39 
29 
2 9  
29 
29 
3 9  

29 
29 
39 
29 
29 
2 9  
29 
29 
79 
29 
29 

24 



50 . 
I N C .  
P A K T  

P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGET 
NUCLEUS 

R t  S I D U A L  E N E R G Y  
NUCLEUS 4 M t V )  

340.0 
340.0 
340.0 
340.0 
340.0 
340.0 
340.0 

32.0 
35.0 
46.0 
51.0 
59.0 
70.0 
80.0 
95 00 
115.0 
340.0 

32.0 
35.0 
46.0 
51.0 
59.0 
70.0 
80.0 
95.0 

115.0 
340 . 0 

35.0 
46.0 
51.0 
59.0 
70.0 
80.0 
95.0 

115.0 
340 . 0 

42.0 
46.0 
51.0 
59.0 
70.0 
80.0 
95.0 

340.0 
51.0 
59.0 
70.0 
80.0 
95.0 

115-0  
340 . 0 
340.0 
340.0 
340.0 

115.0 

4-2 + 0 . 3  
1.7 + 0.2 
1.0 + 0.2 
68.0 + 3.0 
30.0 + 3.0 
22.0 + 5.0 
17.0 + 0.3 

0.30 + 0.10 
0.90 + 0.31) 
3.90 + '3.60 
2.60 + G.90 
3.90 + 1 . 2 0  

3.20 + 1.0 
4.10 + 0.60 
4.20 + 0.90 
11-90 + 2.4'1 

28.0 + 0.1 
0.40 + 0.10 
1.60 + 0.30 
2.60 + 0.40 
2.90 + 0.40 
2.50 + 0.50 
3.50 + 0.70 
4-20 + 0.70 
4 - 6 0  + 0.90 
7.70 + 1.50 

14.0 + 0.8 
0.20 + 0.10 
1.95 + 0.20 
2.60 + 0.40 
2.75 + 0.40 
2.30 + 0.40 
2 - 7 0  + 0.30 
3.15 + 0.50 
6.85 + 1.0 
10.0 + 1.6 

0.30 + 0.10 
0.75 + 0.10 
2.50 + 0.40 
3.20 + 0.50 
3.10 + 0.50 
2.90 + 0.30 

5.80 + 0.90 
3.20 0.50 

14.0 + 3.0 
0.60 + 0.10 
2.20 + 0.30 
2.85 + 0.40 
2.20 + 0.20 
1.60 + 0.20 
3.60 + 0.60 

6.7 + 1.4 
(0.7) 

2.1 + 0.5 

12.5 + 0.9 

KEF 

29 
29 
7 9  
2 9  
3 9  
7 3  
2 9  
49  
4Q 
4c5 
49 
40  
44 
49 
49 
49 
2 9  
49 
4q 
43 
4 q 
49 
ft 9 
49 
49 
49 
29  
49 
40 
49 
49 
49 
49 
49 
43  
29 
49 
49 
49 
49 
49 
49 
49 
49 
79 
49 
49 
49  
49 
49 
49 
2 9  
2 9  
39 
29 

I 

-. 



INC. TARGET R E S  IUUAL ENERGY 
?ART NUCLEUS NUCL E us ( M E V )  

P 
? 
P 
P 
? 
P 
P 
? 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
? 
? 
P 
P 
P 
P 
? 
P 
P 
? 
P 
P 
P 
? 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
? 
P 
? 
? 
P 
P 
? 
P 
P 
P 
IJ 
P 
P 

TH(2329 90)  RA(2249 (38) 340.0 
TH(232r  90)  KN(211r 9 6 )  150.0 
T i i ( 2 3 2 1  9 0 )  RN(210, 5 5 )  150.0 
TH(232, 90 )  A T 1 2 l l r  8 5 )  150.0 
TH(232r  90 )  AT(2111 8 5 )  160.0 
T i i (232,  901 AJ (2101  8 5 )  150.0 
THt232, 90 )  A T ( 2 1 0 ~  85 )  160.0 
TH(232, 9 0 )  AT(209r  851 150.0 
TH(232r  90) AT42071 8 5 )  150.0 
T H ( 2 3 2 ~  9 0 )  AT12069 8 5 )  150.0 
TH1232r 9 0 )  P O ( 2 1 0 ~  8 4 )  150.0 

T t i ( 2 3 2 r  90)  PO(207r 8 4 )  150.0 
TH(232r  90)  PO(206, 8 4 )  150.0 
TH(232, 90) B I I 2 1 0 ,  8 3 )  150.0 

U(238,  9 2 )  NP1238r Y 3 )  340.0 
U(2389  921 NP(236, 9 3 )  38.0 
c1(238* 92) h P ( 2 3 6 r  9 3 )  55.0 
U(236,  92) NP(236r  9 3 )  45.0 
U ( 2 3 8 r  9 2 )  NP(236r  93)  70.0 
U ( 2 3 d r  92) NP(2369 9 3 )  80.0 
U ( 2 3 8 r  9 2 )  NP(236r  93)  120.0 
U(2389  9 2 )  t iP(236r  93)  150.0 
U ( 2 3 8 1  9 2 )  NP(236r  9 3 )  340.0 
U ( 2 3 8 1  92) NPI236r  9 3 )  340.0 
U(23t3r 9 2 )  U ( 2 3 7 r  9 2 )  100.0 
U(238,  921 U ( 2 3 7 r  9 2 )  150.0 
U(238,  92) U ( 2 3 7 r  9 2 )  200.0 
U ( 2 3 8 r  92) U ( 2 3 7 r  9 2 )  300.0 
U ( 2 3 8 r  9 2 )  U ( 2 3 7 r  9 2 )  340.0 
U ( 2 3 8 1  92) U t 2 3 2 1  9 2 )  340 . 0 

U ( 2 3 0 r  9 2 )  140.0 
U ( 2 3 8 r  9 2 )  U ( 2 3 0 r  9 2 )  150.0 
U ( 2 3 8 r  9 2 )  U(230, 9 2 )  160.0 
U(238 ,  9 2 )  U(230 ,  9 2 )  175.0 
U(238,  9 2 )  U ( 2 3 0 r  92) 200.0 
U(238, 92) U ( 2 3 0 r  92)  220.0 
U ( 2 3 8 r  9 2 )  U ( 2 3 0 r  9 2 )  2 5 0 - 0  
U ( 2 3 8 r  9 2 )  U(230, 9 2 )  300.0 
U ( 2 3 8 1  9 2 )  U ( Z 3 0 1  9 2 )  340.0 
U ( 2 3 8 r  9 2 )  U(229, 9 2 )  100.0 

TH[232r  9 0 1  PO(208r  8 4 )  150.0 

U ( 2 3 8 r  92)  U ( 2 3 0 1  9 2 )  100.0 
U(23dr 9 2 )  

U ( 2 3 8 r  9 2 1  U t2299  9 2 )  1 2 5 - 0  
U ( 2 3 8 r  92) U ( 2 2 9 r  9 2 )  140.0 

U ( 2 3 8 r  9 2 )  U ( 2 2 9 r  9 2 )  160.0 
U ( 2 3 8 r  9 2 )  U ( 2 2 9 r  9 2 )  150, 0 

U ( 2 3 8 r  9 2 )  U ( 2 2 9 t  9 2 )  175.0 
U ( 2 3 8 r  9 2 )  b ( 2 2 9 r  9 2 )  200.0 
U ( 2 3 8 r  92) U t 2 2 9 r  9 2 1  220.0 

U ( 2 2 9 r  3 2 )  250.0 U ( 2 3 8 r  9 2 )  
U(Z38, 9 2 )  U(2299 92) 330.0 
U(238 ,  92) U ( 2 2 9 r  9 2 )  340.0 

U(2-389 9 2 )  U I 2 2 8 r  9 2 )  125.0 
U(238,  9 2 )  U ( 2 2 8 r  9 2 )  100.0 

U ( 2 3 8 r  92) b(228p 9 2 )  140.0 

S I G M A  ( M R )  
EXPERIYENT 

8.0 + 1.5 
1.1 + 0 . 3  

0.10 + 0.03 
2.5 + 0.2 

0.21 
1.8 + 0.2 

1.8 
1.4 + 0.3 

0.06 + 0.02 
0.05 + 0.03 

5.4 + 0.5 
1.5 + 0.5 

0 - 0 5  + 0.02 
0.003 + 0.003 

4.9 + 0.5 
0.46 + 0.05 

9.0 + 1 .5  
5.0 + 1.0 
5.0 + 1.0 
6.0 + 1.0 
4.0 + 1.0 
2 - 5  + 0.5 
2.6 + 0.5 
1.7 + 0.1 

12.0 
93.0 
73.0 
67.5 
81.0 
85.0 

(4.01 
0.41 + 0.03 
0.63 + 0.03 

0 . 6 7  
0.49 + 0.01 

0.57 
0.41 
0.41 
0.40 
0.34 

0.35 + 1.2 
0.046 
0,064 

0.093 + 0.01 
0.11 

0.08 + 0.02 
0.092 

0.10 
0.076 
0.069 
0.056 

0.060 + 0.005 
0.012 
0.031 

0.047 + 0.01 

RFF 

2 9  
5 0  
5 0  
5 0  
7 9  
5 0  
2 9  
50 
5 0  
5 0  
5 0 
5 0  
5 0  
5 0 
5 0  
79 
5 1  
5 1  
51 
5 1  
5 1  
51 
5 1  
7 9  
2 9  
2 9  
2 9  
39  
29  
2 9  
7 9  
29  
7 9  
29 
7 9  
29 
7 9  
29 
2 9  
2 9  
7 9  
29 
7 9  
2 9  
29 
2 9  
29 
2 9  
79 
29 
?9  
2 9  
79 
29 
29  



INC. 
P A R T  

P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
IJ 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
? 
P 
P 
IJ 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 

T A K G E T  R E S  fDUAL t n ) E K G Y  
NUCL€US NULLE US ( Y E V  1 

150.0 
160.0 
175.0 
200.0 
220.0 
250.0 
300.0 
340.0 
100.0 
175.0 
250.0 
340 0 
340.0 
100.0 
150.0 
1YU.O 
270.0 
340 . 0 
140.0 
100.0 
125.0 
150.0 
175-0  
190.0 
200.0 
220.0 
250.0 
270.0 
300.0 
340 . 0 
100.0 
150.0 
190 0 
300.0 
340.0 
100.0 
150.0 
190.0 
270.0 
340 . 0 
100.0 
150-0 
170.0 
190.0 
270.0 
340.0 
100.0 
150.0 
170.0 
190.0 
270.0 
340.0 
340.0 
3 4 0  . 0 
100.0 

SIGMA (M3)  
E X P E K  f M E V T  

0.046 
0.036 + 0,301 

0.03e 
0.330 
0.035 
0.037 
0.037 

0.038 + 0.002 
5.7 + 0.5 
7.3 + 0.5 
15.1 + 0.2 
71.0 + 2.0 
R.7 + 1.0 
1.5 + 0.2 

3.7 
3 . 6  

4.8 + 0.4 
5.1 + 0.5 
1.7 + 0.2 

0.086 
0.20 
0.30 
0.46 
0.56 

0.68 
0.71 
0.71 
0.71 

0.71 + 0.06 
0 - 9 5  + 0.1 

1.8 
1. 1 
2.5 

1.8 + 7.0 
0.50 + '3.05 

1.0 
1.1 
1.7 

2.4 + 0.1 
0.85 
0.9 

1.2 + 3.0 
0.05 
1 - 9  

0.67 

2.9 + 0.3  
0.32 + 0.01 

1.2 + 0.6 
1.3 

2.3 + 0.2 
3 . 3  + 0.4 
2.7 + 0.2 

0.62 + 0.08 
0.021 

0.9 

R F F  

7 3  
29 
2 9  
7 3  
29 
79 
29 
2c) 
2Q 
29 
29 
29 
39 
2 9  
79 
7 9  
2 3  
2 9  
29 
29 
79 
2 9  
79 
2 9  
79 
2 9  
29 
2 9  
2 4  
7 9  
2 9  
2 9  
29 
29 
29 
7 9  
2 9  

2 Q  
2 9  
79 
2 9  
7 9  
29 
7 9  
7 9  
2 9  
29 
29 
2 9  
2 9  
29 
2 9  
2 9  
29 

70 

Y 

c 
-. 

F 
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b 

n 
.a I Nt, 

P A R T  

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

TARGET 
NUCLEUS 

RESIDUAL ENERGY 
NUCLEUS ( M E V )  

AC (226,  
A C (  226, 
A C (  226, 
AC( 226, 
A C ( 2 2 5 ~  
AC (2259 
A C I  2251 
AC(225, 
AC(225, 
AC(2249 
R A (  228, 
RA(225, 
RA(224, 
R A (  2 2 4 ,  
H A (  2249 
R A  (224, 
RA(224, 
RA(2249 
K A  I 2 2 3  , 
AT(LL0, 
AT ( 2 10, 

PO(2109 

B I  (210, 
A l l {  e 
O S (  193, 
Y8( 166, 
HO( 166, 
D Y  (1661  
TB(  1649 
TB4 1639 
T%( 161  e 

TB(  1601 
G D i  1591 
EU( 1579 
€U( 157, 
E U I  1579 
EU( 1579 
EU( 1571 
EU( 1579 
EU( 157, 
EU( 157, 
EUI 1569 
EU( 1569 
EU( 156, 
EU( 156, 
EU( 156, 
i U f  1569 
EU( 156, 
ELI( 1569 
EU ( 156 9 

SM(  156, 
S M I  156, 
S M I  1539 

P o (  2101 

a1 (210, 

891 
891 
89  1 
89  1 
89 1 
89 1 
89 1 
89  1 
89  1 
139) 
881 
88  1 
88 1 
88 1 
88 1 
8 8  1 
8 8  1 
8 8 )  
8 8 )  
85 1 
8 5 )  
84  1 
0 4 )  
83 1 
83 1 
79 1 
76) 
7 0 )  
6 7 )  
66 1 
65 
65  1 
65 1 
6 5  1 
6 4  f 
63 1 
63  1 
63 1 
6 3 )  
631  
63  1 
6 3 )  
63  1 
6 3 )  
63  1 
6 3  1 
6 3 )  
63 1 
6 3 )  
6 3  1 
63  1 
6 3  1 
6 2  1 
62 1 
62 1 

150.0 
1 9 0  . 0 
270.0 
340.0 
100.0 
150.0 
19000 
270.0 
340.0 
340.0 
340.0 
340.0 
100.0 
150.0 
200 . 0 
270.0 
340.0 
340 . 0 
340.0 
200.0 
340. 0 
200.0 
340.0 
200.0 
340 0 
340.0 
340.0 
340. 0 
340.0 
340.0 
170,il * 

170.0 
170.0 
170.0 
170.0 

70.0 
100.0 
150.0 
170.0 
200.0 
250.0 
300.0 
340.0 

70.0 
100.0 
150.0 
170.0 
200.0 
250.0 
300.0 
340.0 
340.0 
170.0 
340.0 

70.0 

SIGMA ! M E )  
EXP€R IHENT 

0.07 
0.24 
0.38 

0 -54  + 0.09 
0.01L 
0.009 

0.26 
0.41 

0.52 + 0.13 
1-05 + 0.05 

0.043 

0.017 
0.09 
0.26 
0 - 4 4  

0.58 + 0.18 
2.8 

0.48 + 0.11 
0.08 
1.7 
0.17 
1.7 
1.1 
1.6 
0.02 
0.01 
0.7 
0.05 
0.4 

0.05 + 0.02 
0.10 + 0.04 

0.3 + 0.1 
0.4 + 0.3 

0.45 + 0.10 
0.90 
0.89 
0.54 

0.46 
0.47 
0.42 
0.40 
1.22 
1.31 
0.93 

0.76 + 0.10 
0.86 
0. ‘32 
1.12 
2 . 8  
1.22 

0.47 + 0.07 
1.2 
4.6 

0.26 + 0.02 

0.50 + 0.08 

REF 

2 9  
2 9  
29 
79 
2 9  
29 
3 3  
29 
3 9  
2 9  
7 9  
3 0  
2 9  
2 9  
2 9  
7 9  
29 
7 9  
2 9  
7 9  
7 9  
79 
29 
7 9  
29 
2 9  
7 9  
2 9  
29 
7 9  
2 9  
7 9  
2 9  
29 
2 9  
2 9  
2 0  
7 9  
29  
3 9  
79 
2 9  
2 9  
2 9  
7 9  
29 
2 9  
3 9  
29  
7 9  
?’$ 
2 9  
7 9  
2 9  
7 9  
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I N C .  
PART 

? 
? 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
3 
? 
P 
P 
P 
P 
P 
? 
P 
P 
P 
? 
P 
P 
i.' 
tJ 

? 
P 
P 
P 
P 
3 
P 
P 
P 
P 
P 
P 
P 
P 
P 
t) 
? 
P 
P 
? 
P 
P 
P 
P 

TARGET R E S I D U A L  ENERGY 
NlJC 1 Us NUCL t US ( M E V )  

100.0 
150-0  
170.0 
200.0 
250.0 
300 0 
340.0 
340.0 

170-0 

170.0 
70.0 

100.0 
150.0 
170-0 
200 . 0 
250.0 
300.0 
340.0 
340 . 0 
150.0 
200 . 0 
250 .0  
3 0 0  . 0 
340.0 
340 . 0 
170.0 
70.0 
100.0 
150.0 
170.0 
200.0 
250.0 
300 .0  
340 . 0 
340.0 

340.0 
70.0 

100.0 
150.0 
200.0 
340.0 

70.0 
100.0 
150.0 
170-0 
200.0 
250.0 
300.0 
340 . 0 
70.0 

100.0 
150.0 

170.0 

170 0 

170.0 

SIGMA ( M B I  
E X P € R  l M E N T  

4.4 
3.1 

1-7 + 0.2 
2.6 
2.6 
2.4 
4.5 
2.0 

2.8 + 0-4 
1.1 + 0.3 
5.4 + 0.8 
5.6 + 0.8 

17.0 
18.0 
12.0 

8.1 + 0.8 
11.3 
11 -4 
10. n 
9.7 
33.0 
0.7 
3.4 
7.1 
13.0 
17-0 

12.0 + 2.0 
0.36 
2 - 1  
2.0 

1-9  
2.2 
2.3 
13.0 
1-9 

1.6 + 0.2 
7.8 
30.0 
28.0 
18.0 
17.0 
14.0 
36.0 
3 1  .O 
22.0 

16.0 + 2.0 
2 1  00 
21 00 
23.0 
20.0 
49.0 
51.0 
36.0 

4.2 

17.0 + 2.0 

K F F  

79 
2 9  
2 9  
7 9  
29 
39  
2 9  
2 9  
29 
29 
2 9  
79 
2 9  
79 
2 3  
79  
2 0  
79 
2 9  
75, 
29  
2 9  
2 9  
2 9  
29 
7 9  
29 
79  
2 9  
2 3  
29 
29 
2 9  
2 9  
7 9  
7 9  
7 0  
2 9  
2 9  
3 9  
29 
29 
7 9  
2 9  
2 9  
2 9  
29 
79  
2 9  
39 
2 9  
7 9  
79 
2 9  
79 

t 

c 
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INC. TARGET RESIDUAL ENERGY 
PART NUCLEUS NUCLEUS ( M E V )  

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
iJ 
P 
P 
? 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

200.0 
340.0 
170.0 
70.0 
100.0 
150.0 
170.0 
200.0 
250.0 
300 0 
340.0 
340.0 

340.0 
170.0 

170.0 

340, 0 
170, 0 
170.0 
340.0 
170.0 
170.0 
170.0 
L70.0 
170.0 
170.0 
170.0 
170.0 
170.0 
170.0 
170.0 
170.0 
170.0 
170.0 
340 . 0 
170.0 
170.0 
170.0 
340.0 
340.0 
340.0 
170.0 
170.0 
170.0 
340.0 
340 . 0 
340.0 
170.0 
340.0 
170.0 
170.0 
340.0 
70.0 
100.0 
150.0 
170.0 

SIGMA I M R I  
EXPERIMENT 

36.0 
31.0 

20-4 + 5.0 
8.6 
8.6 
7.9 

5.0 + 1.0 
6. 2 
7.3 
7.0 
11.0 
5.5 

21.0 + 2.0 
23.0 

25.0 + 2.0 
43.0 

6.8 + 0.9 
13.0 + 1.0 

5.9 
11.0 + 2.0 

16.0 + 4.0 
18.0 + 2.0 

31.0 + 7.0 
24.0 + 2.0 
12.7 + 2.0 
9.4 + 0.2 
5.2 + 0.1 
1.1 + 0.2 
9.0 + 2.0 
19.0 + 5.0 
9.0 + 0.6 
3.0 + 1-0 
7.9 + 3.0 

5.9 
7.9 + 3.0 
19.0 + 6.0 
2.2 + 0.3 

12.0 
34.0 
48.5 

53.0 + 44.0 
2.0 + 1.0 
50.0 + 12.0 

5.2 
39.0 
4.5 

50.0 + 12.0 
52.0 

56.0 + 7.0 
43.0 + 22.0 

42.0 
71.0 
69.0 
55.0 

56.0 + 6.0 

R E F  

29 
29 
29 
29 
29 
29 
29 
29 
2 9  
29 
29 
29 
29 
29 
29 
29 
29 
29 
39 
29 
29 
29 
2 9  
29 
29 
29 
29 
29 
29 
29 
29 
2 9  
29 
79 
29 
29 
29 
29 
2 9  
29 
29 
29 
29 
29 
2 9  
2 9  
29 
29 
29 
29 
29 
29 
29  
2c) 
2 9  



INC. 
PART 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
? 
P 
P 
P 
P 
P 
P 
P 
P 
t) 
P 
P 
P 
P 
P 
P 
P 
? 
? 
P 

TARGET R E  S I D U A L  ENERGY 
NUCLEUS NUCLEUS I M E V )  

SIGYA (Mf3. )  
EXPER I M F N T  

REF 

M O (  99, 4.2) 

MD( 999 4 2 )  
M O I  997 42) 
NBf 971 4 1 )  
NBf 969 4 1 )  
N 6 (  967 4 1 )  
NB1 95, 4 1 )  
Z R t  97. 4 0 )  
Z R t  957 4 0 )  

Y (  93, 39)  
Y (  937 3 9 )  
Y (  93, 3 9 )  
Y (  93, 39)  
Y( 93, 3 9 )  
Y I  94, 391 
Y (  93, 39)  
Y (  927 39 )  
Y (  91, 3 9 )  
Y (  917 39 )  
Y (  91, 3 9 )  
Y (  91, 3 9 )  
Y (  91, 39 )  
Y (  91, 3 9 )  
Y t  911 391 
Y (  91, 39 )  
Y I  919 3 9 )  
Y (  91, 3 9 )  
Y l  907 3 9 )  
Y (  907 3 9 )  
Y (  90, 3 9 )  
Y (  901 3 9 )  
Y (  909 39 )  
Y (  9 0 ,  39)  
Y (  90, 39 )  
Y I  90, 3 9 )  

S K (  927 38 )  
SR(  927 3 8 )  

SR1: Y l r  38)  
S R I  90, 38 )  
SR( 90,  3 8 )  
SRf 699 38)  
SRf 89, 3 8 )  
S R I  897 3 8 )  
Y R t  867 3 7 )  
R B I  867 7 7 )  

B K t  83, 3 5 )  
R R l  83, 3 5 )  
B R i  83, 35) 
B R (  827 35) 
FIR1 8 0 ,  3 5 )  
S t (  83, 3 4 )  

M O (  999 4 2 )  

Y (  939 391 

S P (  91, 3 8 )  

B R ~  a 4 r  3 5 )  

200. 0 
250.0 
300.0 
340 . 0 
170.0 
170.0 
170. 0 
170.0 
170.0 
170.0 
100.0 
150oO 
170.0 
170.0 
200.0 
250.0 
300 . 0 
340.0 
170.0 

70.0 
100.0 
150.0 
170.0 
170.0 
700.0 
200.0 
750.0 
3’30.0 
340.0 

70.0 
100.0 
150.0 
170.0 
170.0 
250.0 
300.0 
340 . 0 
170.0 
340.0 
170.0 
340.0 
170.0 
170.0 
170.0 
170-0 
340 . 0 
170.0 
340.0 
340.0 
170.0 
170.0 
34G.C 
340.0 
340.0 
340.0 

5 3 - 0  
58.0 
62 .0  
59.0 

9.0 + 0.9 
3.8 + 0.2 

0.47 + 0.Oh 
32.0 + 6.0 
33.0 + 3.0 

49.0 
39.0 

31.1 + 1.1 
49.0 + 7.0 

38.0 
35.0 
35.0 
38.0 

11.9 + 2.3 
27.0 
30.C 
27*0  

2 - 7  + 0.6 
4.6 + 1.2 

26.0 
3.7 
37 .O 
37.0 
32.0 
0.02 
0.11 
0 - 1 5 .  

1.7 + 0.4 
2.4 + 0.2 

3.8 
3.9 
7.7 
6 .2  
40.0 

35.0 + 4.0 
3 3 . 0  

31.0 + 2.0 
23.0 + 1.0 

31.0 + 2.0 
35.0 

2.3 + 0.2 
13.8 
3.3 

5.0 + 0.9 
0.77 + 1.7 

3.5 
1.57 
0 . 3 5  
5- 1 

2.7 + 0.6 

31.0 + 2.0 

3 9  
20 
7 9  
29 
29  
79 
7 9  
79 
7 9  
2 9  
7 9  
79 
79 
29 
79 
29 
? Q  
29 
79 
79 
2 Q  
39 
25 
79 
2 9  
2 9  
2 9  
70 
2 9  
39 

3 Q  
2 9  
7 9  
7 9  
29 
79 
29 
7 9  
2q 
2 9  
29 
79  
2 9  
29 
29 
29 
79 
2 9  
79 
79 
39 
29 
79 
7q 
2 9  

8 
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4 

.* 1 NC. TAKGET R E S  r w a L  t NE KGY 
P A R T  NUCLEUS NUCLEUS ( M E V  1 

340.0 
170.0 
170.0 
170.0 
170.0 
170.0 
340.0 
170.0 
170.0 
170.0 

170.0 
340.0 
170.0 
340.0 

170.0 

170.0 
170-0 
340.0 

340.0 
170.0 

340.0 
340, 0 
370, 0 
370.0 
370.0 
370.0 

370.0 
370 . 0 
370.0 

370.0 
370.0 
370.0 

370- 0 

370-0 

370.0 
370, 0 
370.0 
370, 0 
370.0 
370.0 

370.0 
370.0 
370.0 

20.0 
24.0 
53.0 
60.0 

127.0 
179.0 
212.0 
245 0 0 
304.0 

370.0 

80.0 

SIGMA (ME31 
k X P E R  I M E N T  

7.5 
2.5 + 1.0 
5.2 + 0.6 
4.5 + 0.6 
0.6 + 0.2 

0.96 + O o L 6  
0.21 

0.034 + 0.004 
6.7 + 2.7 
2.9 + 0.4 

1 - 9 5  + 0.12 
0.53 + 0.06 

2.1 
0.96 + 0.16 

2.1 
0,026 + 0.002 
0-87 + 0.06 

0.63 
0 - 8 0  + 0 . 0 3  

0.56 
0.18 
0.05 

5 - 1  + 2.0 
24.4 

6.8 + 2.4 
3.2 + 2.4 

(3 .4  
5R.6 + 2 9 . 3  
77.1 + 18.55 

15.4 + 7.7 
0.88 + 0.44 
0 - 5 4  + 0-27 
3.78 + 1-89 
23-2 + 11.6 
49.0 + 24.5 

0.415 + 0.2075 
3.44 + 1.22 
1-24 + 0.62 

0.134 + 0,067 
2.81 + 1.405 
4-68 + 2-34 
0.76 + 0 - 3 8  
0.35 + 0.175 

0.0078 + 0.0039 
245.0 
3 2 5 . 0  

1.0 + 1.0 
9.0 + 2.0 
38.0 + 4.0 
59.0 + 5.0 
68.0 + 6.0 
67.0 + 6.0 
61.0 + 6.0 
41.0 + 4.0 

K E F  

79 
?9 
79 
2 9  
29 
29 
29 
29 
79 
29 
29 
79 
29 
29 
29 
29 
29 
29 
29 
29 
29 
2 9  
8 
8 
R 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
R 
8 
8 
8 
8 
8 
8 

5 2  
52 
5 3  
53 
5 3  
5 3  
53 
5 3  
5 3  
53  
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